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March 31, 2010

Mr. Dennis R. Downs

Executive Secretary

Utah Solid and Hazardous Waste Control Board
288 North 1460 West

Salt Lake City, UT 84116

RE: Class 3 Permit Modification Request
Module VI — Hazardous Waste Landfills
Clean Harbors Grassy Mountain, LL.C., EPA ID No. UTD991301748

Dear Mr. Downs:

Pursuant to Utah Rule R315-3-4, Section 4.3 and 40 CFR 270.42(c), Clean Harbors Grassy
Mountain, LLC (referred to hereafter as CHGM) hereby requests a Class 3 permit modification
to modify the language in the Utah Department of Environmental Quality (UDEQ), “State-Issued
Part B Permit”(Permit), Module VI-Hazardous Waste Landfills, Section VI.A.1. This Class 3
permit modification request includes changes outlined in section J.1. of Appendix I to § 270.42.

Condition VI.A.1. defines the maximum approximate volumes and the maximum average height
of waste allowed in a landfill cell at the time of closure. The included Design Engineering
Report, prepared by Hansen, Allen & Luce, Inc. (HAL) and Applied Geotechnical Engineering
Consultants (AGEC) provides the geotechnical evaluation and engineering calculations for the
proposed design modifications for vertical expansions of landfill cells B6 and 7. Based on this
report, CHGM is requesting a modification to this condition of the Permit to increase the
permitted waste disposal capacity of landfill cells B6 and 7. CHGM requests the following
revised language be incorporated into the Part B Permit:

VIA.L The Permittee shall only dispose of hazardous wastes in the following
landfill cells and the rated capacities shall not exceed the following
nominal volumes shown below, except as allowed in Condition VL.D.2. In
addition, measuring from the top of the berm, the average height of waste
will be less than or equal to the maximum allowed height of waste in the
cell at closure as shown below. The Executive Secretary has the authority
to require the Permittee to conduct a survey of the cell to verify
compliance with this condition.

“People and Technology Creating a Better Environment”
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Cell Capacity Maximum height of waste above the berm at
Number | (Cubic Yards)l closure, feet above avg. berm height
4 535,500 26.41
5 510,300 31.27
B/6 1,053,500 45.99
7 1,135,000 61.09

1 Volumes are approximate. The point of compliance is the height above the berm. The berm
height is calculated by averaging elevations measured every 50 linear feet around the perimeter
(berm) of the cell.

“I certify under penalty of law that this document and all attachments were prepared under my
direction or supervision in accordance with a system designed to assure that qualified personnel
properly gather and evaluate the information submitted. Based on my inquiry of the person or
persons who manage the system, or those persons directly responsible for gathering the
information, the information submitted is, to the best of my knowledge and belief, true, accurate,
and complete. I am aware that there are significant penalties for submitting false information,
including the possibility of fine and imprisonment for knowing violations.”

If you have any questions, please contact Les Ashwood at (435) 884-8900.

Sincerely,

(il F B i

William F. Connors
Senior Vice President of Compliance
Clean Harbors Environmental Services, Inc.

Attachment/

cc: Ed Costomiris, UDEQ/DSHW
Francis Tran, EPA Region VIII
Myron Bateman, E.H.S., M.P.A., Health Officer, Tooele County Health Department.
David Nielsen, Director of Landfill Compliance, Buttonwillow, CA
Grassy Mountain File



N
|:IeanHarbor5

ENVIRONMENTAL SERVICES®

Clean Harbors Grassy Mountain, LLC,
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March 31, 2010

Mr. Stephen S. Tuber

Assistance Regional Administrator
EPA Region VIII

1595 Wynkoop Street

Denver, CO 80202-1129

RE: Request for Closure Design Modifications for Vertical Expansion of
Landfill Cell B6
Clean Harbors Grassy Mountain, LL.C., EPA ID No. UTD991301748

Dear Mr. Tuber;

Pursuant to the requirements of United States Environmental Protection Agency (USEPA) issued
Coordinated Approval of TSCA/RCRA Landfill Cell B6-Condition 6, Clean Harbors Grassy
Mountain, LLC. (referred to hereafter as CHGM) hereby requests approval from the Assistant
Region Administrator for modifications to the closure design for landfill cell B6. CHGM
submits this modification request to increase the disposal capacity for landfill cell B6.

The included Design Engineering Report, prepared by Hansen, Allen & Luce, Inc. (HAL) and
Applied Geotechnical Engineering Consultants (AGEC) provides the geotechnical evaluation
and engineering calculations for the proposed design modifications for vertical expansion of
landfill cell B6. Based on this report, CHGM is requesting approval to increase the design
capacity to approximately 1,053,500 cubic yards. This vertical expansion will increase the
capacity of cell B6 by 461,500 cubic yards.

In accordance with the requirements of Approval Condition 6, this request is being submitted
simultaneously to the Utah Department of Environmental Quality as a Class 3 modification to
the CHGM State Issued Part B Permit. A copy of that Permit modification request is included
with this request.

“Under civil and criminal penalties of law for the making or submission of false or fraudulent
statements or representations (18 U.S.C. 1001 and 15 U.S.C.2615), I certify that the information
contained in or accompanying this document is true, accurate, and complete. As to the identified
section(s) of this document for which I cannot personally verify truth and accuracy, I certify as
the company official having supervisory responsibility for the person who, acting under my
direct instructions, made the verification that this information is true, accurate and complete.’

’

“People and Technology Creating a Better Environment "
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Mr. Tuber, USEPA
Grassy Mountain Facility — Closure Design Modification Request-B6
March 31, 2010 Page 2

If you have any questions, please call me at (435) 884-8900.

Sincerely,

U T oemte—

William F. Connors
Senior Vice President of Compliance
Clean Harbors Environmental Services, Inc.

Attachment/

cc: Francis Tran, EPA Region VIII
Ed Costomiris, UDEQ/DSHW
Myron Bateman, E.H.S., M.P.A., Health Officer, Tooele County Health Department.
David Nielsen, Director of Landfill Compliance, Buttonwillow, CA
Grassy Mountain File
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CHAPTER |
INTRODUCTION

Clean Harbors Grassy Mountain, LLC (Clean Harbors) is interested in increasing the height and
the top slope of the closure caps of Landfill Cells 6B and 7, which will provide an increase in the
permitted waste capacities within each of the cells. Clean Harbors requested that Hansen, Allen
& Luce, Inc. (HAL) provide engineering evaluations to determine the potential for closure design
modification. Applied Geotechnical Engineering Consultants (AGEC) was retained to perform
geotechnical stability analyses of the raised closure caps to ensure stability under static and
seismic conditions. This report provides a summary of background information associated with the
design of the landfills and closure caps, presents proposed design modifications, and provides a
summary of results from the geotechnical evaluation and other engineering calculations for the
proposed design modifications. The geotechnical evaluation and engineering calculations are to
provide a basis for approval of a permit modification from the Utah Division of Solid and Hazardous
Waste (DSHW) for the proposed design modifications.



CHAPTERII
BACKGROUND
LANDFILL CELL 6B
Landfill Cell Design

The original design of Landfill Cell B/6 was completed and presented in a design engineering report
dated January 1992 as RCRA Landfill Cell 6, with an original design capacity of 493,300 cy.
Revisions to the design were completed and presented in a design engineering report dated
September 1992 which incorporated design modifications and discussions resuiting from regulatory
changes that were made to the rules in 1992. The September 1992 design modifications included
a design change to lower the floor by a vertical distance of 5 feet, which changed the design
capacity to approximately 592,000 cy. A report dated January 1993 provided information regarding
the effects of groundwater on lowering the floor 5 feet from the original design. The current
permitted capacity of 592,000 cy reflects acceptance of the September 1992 design and the
January 1993 report.

After construction of Landfill Cell 6 (constructed in 1993), the permit was revised to allow disposal
of TSCA wastes and the cell was given the designation of Landfill Cell B/6 or Landfill Cell 6B. Both
references have been used for the landfill since it was permitted to receive TSCA waste.

Closure Cap Design

The original closure cap design used to determine the permitted waste capacity consisted of the
following (from top to bottom):

4 inches of gravel armor erosion protection

2 feet of protective soil cover

8 oz. Non-woven geotextile filter fabric

geonet

60-mil HDPE geomembrane (textured on the 2H:1V perimeter slopes)
2 feet (minimum) of compacted clay liner

Original design slopes consisted of 2H:1V (horizontal to vertical) perimeter slopes around closure
caps extending from the top of the cell embankments to the outside edge of the closure cap’s top
slope. The top slope consisted of 5 percent slopes from the top center to the outside edges of the
caps and 0.63 percent cross slopes to provide a resultant slope of 0.7 percent in the perimeter
drainage ditches.

Original drainage design from the closure cap includes six different drainage areas. Runoff from
the six drainage areas collects in the perimeter ditches that convey runoff to six different down
drains (or down spouts) that convey storm water from the top of the closure cap to the bottom toe
of the cell embankments.
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LANDFILL CELL 7
Landfill Cell Design

Design of RCRA Landfill Cell 7 was completed and presented in a design engineering reported
dated December 1995 with an original design capacity of 645,100 cy. Construction of the cell was
completed and construction documentation was submitted in November 1996. Engineering
evaluations and geotechnical stability and settiement analyses were completed in December 2000,
and were provided to the facility for a permit application to increase the capacity to 733,000 cubic
yards by raising the height of the closure cap 2.18 feet and by replacing the compacted clay liner
with GCL.. This permit modification was approved by DSHW.

Closure Cap Design

The original closure cap design used to determine the permitted waste capacity consisted of the
following (from top to bottom):

On the top slopes

4 inches of gravel armor erosion protection
24 inches of protective soil cover

8 0z. Non-woven geotextile filter fabric
geonet

60-mil HDPE geomembrane

geosynthetic clay liner (GCL)

six inches (minimum) of soil cushion

On the perimeter slopes

4 inches of gravel armor erosion protection
24 inches of protective soil cover

8 oz. Non-woven geotextile filter fabric
geonet

60-mil HDPE textured geomembrane

2 feet minimum of compacted clay liner (CCL)

Original design slopes consisted of 2H:1V (horizontal to vertical) perimeter slopes around closure
caps extending from the top of the cell embankments to the outside edge of the top slope of the
closure caps. The top slope consisted of 5 percent slopes from the top center to the outside edges
of the caps and 0.63 percent cross slopes to provide a resultant slope of 0.7 percent in the
perimeter drainage ditches.

Original drainage design from the closure cap includes four different drainage areas. Runoff from
the four drainage areas collects in the perimeter ditches that convey runoff to four different down
drains (or down spouts) that convey storm water from the top of the closure cap to the bottom toe
of the cell embankments.
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CHAPTER Il
MODIFIED CLOSURE DESIGN
CLOSURE CAP CONFIGURATIONS

The proposed closure cap design for both Landfill Cell 6B and Landfill Cell 7 consists of the
following from top to bottom (See Exhibit A for drawings):

On the top 10% slopes

4 inches of gravel armor erosion protection

24 inches of protective soil cover

Double sided geocomposite (consisting of 8 oz. Non-woven geotextile filter fabric bonded to both
sides of geonet)

60-mil HDPE textured geomembrane

geosynthetic clay liner (GCL)

six inches (minimum) of soil cushion

On the perimeter 2H:1V slopes

4 inches of gravel armor erosion protection

24 inches of protective soil cover (compacted clay soil)
60-mil HDPE textured geomembrane

2 feet minimum of compacted clay liner (CCL)

Design slopes include 2H:1V (horizontal to vertical) perimeter slopes around closure cap extending
from the top of the cell embankments to the outside edge of the top slope of the closure cap. The
top slope consists of 10 percent slopes from the top center to the outside edges of the cap and
0.80 percent cross slopes to provide a resultant slope of 1.0 percent in the perimeter drainage
ditches.

Landfill Cell 6B is designed to have a maximum vertical height of 28 feet from the top of the cell
embankment to the top of the perimeter berms. Total vertical height at the center of the Cell 6B
closure cap is 48.82 feet above the cell embankment. Landfill Cell 7 is designed to have a
maximum vertical height of 29 feet from the top of the cell embankment to the top of the perimeter
berms. Total vertical height at the center of the Cell 7 closure cap is 63.92 feet above the cell
embankment. Landfill Cell 7 has a much higher center height because it is approximately 286 feet
wider than Landfill Cell 6B which provides a greater distance of rise for the 10 percent slope.

The perimeter drainage ditches are V-shaped with a perimeter berm providing the outside 3H:1V
slope and the 10 percent closure cap slope providing the inside side slope for the ditches. The
perimeter ditches are designed to receive storm water runoff from the 10 percent cap slope areas
and convey the runoff to down drains, which convey storm water to the bottom exterior toes of the
landfill cell embankments.
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LANDFILL CAPACITIES

Capacities of the landfill cells were determined using volume calculation routines within AutoCAD
Civil 3D 2010 by Autodesk. Surfaces were built within AutoCAD, representing the surface of the
protective soil cover above the bottom lining system within the cell and the top of the waste mound
based on the modified closure cap design. These two surfaces were then defined to determine the
capacity within the landfill cell using a grid spacing of 2 feet in both the north/south and the
east/west directions. The modified capacity within Cell 6B is approximately 1,053,500 cubic yards
and the modified capacity within Cell 7 is approximately 1,135,800 cubic yards.

CLOSURE CAP DRAINAGE
Hydrology

Runoff was estimated using the SCS curve number methodology and the unit hydrograph
procedure developed by the USDA Soil Conservation Service. Hydrologic calculations are
presented in Exhibit C. Rainfall depth for the 100-year, 24-hour precipitation event of 1.85 inches
was obtained from Point Precipitation Frequency Estimates from NOAA Atlas 14 using the
coordinates and elevations of the Grassy Mountain Facility.

A gravel road with hydrologic soil group B has a curve number of 85. The gravel armor erosion
protective layer is not compacted, has less fines, and has greater storm water retention potential
than a gravel road. Therefore, a curve number of 83 was estimated to conservatively represent
the runoff conditions for the gravel armor surfaces.

Design of the perimeter drainage ditches and the down drains was based on using the largest
drainage areas for Landfill Cells 6B and 7. Therefore, the drainage areas for Cells 6B and 7 were
evaluated to determine the largest contributing area to the perimeter ditch and to the down drain.
Runoff calculated on the largest areas was then used for for design of all perimeter ditches and for
all down drains for both landfill cell closure caps.

The closure cap for landfill Cell 6B consists of six different drainage areas that collect and convey
storm water runoff to six down drains (or down spouts) located around the perimeter of the closure
cap. Fourdrainage areas are located at each of the four corners of the closure cap, and two of the
drainage areas are located at the center of the north and south sides of the closure cap. The
drainage areas at the center of the north and south sides each have areas of 79,000 square feet
(1.814 acres) which are larger than the four drainage areas located at the corners of the closure
cap. A single drainage area contributes runoff to a segment of the perimeter ditch and two of the
center drainage areas (158,000 square feet or 3.627 acres) combine to contribute drainage to a
single down drain.

The closure cap for Landfill Cell 7 is symmetrical such that four drainage areas are located in the
corners of the closure cap and the drainage areas are all equal in size. The largest area
contributing runoff to the perimeter ditches is 69,000 square feet (1.584 acres) and the largest area
contributing runoff to a down drain is 138,000 square feet (3.168 acres).
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Perimeter Ditch and Down Drain Design

Using 1.814 acres of area provides an estimated peak discharge of 1.16 cfs to the drainage ditches
and using an area of 3.627 acres provides an estimated peak discharge of 2.32 cfs (i.e. 2 x 1.16
cfs) to the down drains. The perimeter ditches will convey 1.16 cfs with a flow depth of about 0.4
foot and a safety factor of about 1.5 against erosion of the gravel armor material in the perimeter
ditches. An 18-inch diameter pipe will convey the 2.32 cfs with a headwater depth of 0.8 foot at
the pipe inlet. Since the inlet boxes are 1.5 feet deep below the perimeter ditch flow lines, the
headwater depth of 0.8 foot will not obstruct or back storm water in the perimeter ditches.

Erosion Protection

Erosion protection calculations were completed on the gravel armor material for both the 10
percent top slope and the 2H:1V perimeter slopes of the closure caps. These calculations were
completed for the longest slopes (worst case conditions) represented for the closure caps of both
cells. Results were then applied to all slopes on both of the closure caps. “Erosion and
Sedimentation in Utah - A Guide for Control” published by the Utah Water Research Laboratory,
February 1984, was used to determine the depth of the gravel armor needed for erosion protection.
The maximum length of the 10 percent slopes for both cells is 361 feet and the maximum length
of the 2H:1V slopes is 65 feet. Using these slope lengths, the minimum gravel armor thickness is
1 inch for the 10 percent slopes and 3 inches for the 2H:1V slopes.

Stephens method from NUREG/CR-4651was used to determine the minimum Dy, size for the
gravel armor material based on the estimated flow per foot of width across the gravel armor. The
flow per unit width was calculated using the storm water discharge rate estimated for an acre of
area for the closure caps. The longest slope length for the 10 percent slopes is 361 feet resulting
in a width of 120 feet and the longest slope length for the 2H:1V slopes is 65 feet resulting in a
width of 570 feet for corresponding one acre areas. Dividing that storm water discharge of 0.64
cfs per acre by 120 and by 570 gives a flow per unit width of 0.01 cfs per foot for the 10 percent
slopes and 0.002 cfs per foot for the 2H:1V slopes. Concentration factors are not a component of
NUREG/CR-4651 procedure, but are provided to show the types of flow concentration that may
occur, beyond the safety factors already provided in the procedure, and still maintain erosion
stability. The concentration factors were calculated assuming a Dy, size of approximately 1 inch
which is representative of the local gravel source historically used for the gravel armor. A Dy, size
of 1 inch will allow for additional flow concentrations of 20 times on the 10 percent slopes and of
3times on the 2H:1V slopes and still maintain stability against erosion. An additional factor of 1.35,
called Oliver’s constant, was also applied to the flow rates as suggested in NUREG/CR-4651. Flow
rates used for calculating the Dy, size, after applying the factors discussed, are 0.27 cfs per foot
for the 10 percent slopes and 0.008 cfs per foot for the 2H:1V slopes. Calculated minimum Dy,
sizes are 0.90 inch for the 10 percent slopes and 0.98 inch for the 2H:1V slopes.

The minimum gravel thickness should accommodate twice the D, size rock which is about 2
inches. Applying erosion control procedures for determining gravel thickness and using criteria for
establishing the D5, rock size results in minimum gravel thicknesses of 2 inches for the 10 percent
slopes and 3 inches for the 2H:1V slopes.

The closure caps and cell embankments have historically received a gravel armor thickness of 4
inches (as is shown on the closure cap design drawings) due to the difficulty in consistently placing
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less thickness of gravel armor with a Dy, size of about 1 inch. Observations show no noticeable
erosion where gravel armor has previously been placed on closure caps and embankment slopes.
Therefore, it is recommended that the erosion control measures consist of a targeted 4 inches of
gravel armor thickness on all surfaces with a minimum of 3 inches on the 2H:1V slopes and a
minimum of 2 inches on the 10 percent slopes.

LEACHATE WITHDRAWAL PIPES

The leachate withdrawal pipes were evaluated to determine their structural integrity under the
increased weight (or loading) resulting from the vertical expansion. High density polyethylene
(HDPE) pipes with a standard dimension ratio (SDR) of 21 were installed in the landfills and were
evaluated for wall crushing, wall buckling, and ring deflection. Calculations show the vertical
expansion will not jeopardize the structural integrity of the leachate withdrawal pipes.

GEOTECHNICAL EVALUATIONS

Geotechnical stability and settlement evaluations were completed by Applied Geotechnical
Engineering Consultants (AGEC) to determine the feasibility of increasing the closure cap height
and are provided in a letter report dated September 28, 2009. The letter report in included in
Exhibit B.

Results from these evaluations show that the closure cap for Landfill Cell 6B can be raised to a
height of 28 feet and the closure cap height for Landfill Cell 7 can be raised to a height of 29 feet
from the top of the landfill cell embankments to the top of the highest point of the perimeter berms
around the closure caps and still maintain stability and the integrity of other engineering aspects
of the landfill cell and the closure cap.

Stability

Stability analyses included evaluating the global stability of the landfill cells and underlying soil
structures and local interface stability of the cap design layers using saturated conditions. Stability
analyses were conducted assuming both static and seismic conditions.

Stability evaluations were based on a seismic event having a 90 percent probability of not being
exceeded in a 250 year period. A bedrock acceleration of 0.15g was used resulting in a horizontal
ground acceleration of 0.18g for the site, which was used in the stability analysis. Soil parameters
used were obtained from reports of previous geotechnical studies at the site. Safety factors were
determined under static and seismic conditions for the overall landfill including subsurface soils and
for the closure cap side siopes. Resuilts of the analysis are presented in Table Ili-1. The seismic
analysis and resulting safety factors assume no deformation.

Infinite slope stability analyses were used to determine interface stability safety factors for the
design components of the 2H:1V and the 10 percent slopes of the closure caps. Results from
these analyses are also presented in Table I1l-1. The soil strength at the interface with the HDPE
textured membrane on the 2H:1V slopes were evaluated to ensure that soil strength will not be
exceeded. Slope stability safety factors using soil strengths are 3.6 under static conditions and 1.8
under seismic conditions using a slope length of 63 feet (representing the longest slope length or
worst case scenario).
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TABLE lli-1
Minimum Landfill and Closure Cap Safety Factors
for Stability of Landfill Cell 6B and Landfill Cell 7

Safety Factor

Description Static | Seismic
Overali landfill slope stability, including subsurface soils 1.9 1.2
Closure cap slope stability 1.6 1.1
Interface slope stability on 2H:1V perimeter slopes using infinite slope analysis 1.8 1.3
Interface slope stability on top 10% slopes using infinite slope analysis 51 1.8

Note: Safety factors presented are minimum and are similar for Landfill Cells 6B and 7 combined.

Settlement

Calculations were performed considering the additional waste height and increase in final closure
top slope. Settlement calculations were completed to provide a settlement profile and to determine
the final slope of the cell floor after settlement. Subsurface soil profiles and conditions were

obtained from previous geotechnical evaluations performed at the site.

Landfill Cell 6B had a design slope of 2.7 percent at the time of construction and is estimated to
have a final floor slope of 2.2 percent after settlement and Landfill Cell 7 had a design slope of 2.3
percent at the time of construction and is estimated to have a final floor slope of 1.8 percent after
settlement with the modified closure designs. The final floor slopes meet the regulatory minimum

slope requirements of 1 percent.
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CHAPTER IV

CONCLUSIONS

The Landfill Cell 6B and Landfill Cell 7 closure cap designs can be raised and modified as
presented herein. The modified design is presented in the design drawings provided in Exhibit A
and is summarized herein.

Layers (from the uppermost layer to the bottom layer) within the 10 percent top slopes and the
2H:1V perimeter slopes are provided below:;

10 Percent Top Slopes

4 inches of gravel armor erosion protection

24 inches of protective soil cover

Double sided geocomposite (consisting of 8 0z. Non-woven geotextile filter fabric bonded to both
sides of geonet)

60-mil HDPE textured geomembrane

geosynthetic clay liner (GCL)

six inches (minimum) of soil cushion

2H:1V Perimeter Slopes

4 inches of gravel armor erosion protection

24 inches of protective soil cover (compacted clay soil)
60-mil HDPE textured geomembrane

2 feet minimum of compacted clay liner (CCL)

Landfill Cell 6B is designed to have a maximum vertical height of 28 feet from the top of the cell
embankment to the top of the perimeter berms. Total vertical height at the center of the Cell 6B
closure cap is 48.82 feet above the cell embankment. Landfill Cell 7 is designed to have a
maximum vertical height of 29 feet from the top of the cell embankment to the top of the perimeter
berms. Total vertical height at the center of the Cell 7 closure cap is 63.92 feet above the cell
embankment.

The perimeter drainage ditches are V-shaped with a perimeter berm providing the outside 3H:1V
slope and the 10 percent closure cap slope providing the inside side slope for the ditches. The
perimeter ditches are designed to receive storm water runoff from the 10 percent cap slope areas
and convey the runoff to down drains which convey storm water to the bottom exterior toes of the
landfill cell embankments.

The armor plating thickness (stone mulch) should be a minimum of 3 inches on the 2H:1V
perimeter slopes and 2 inches on the 10% slopes. The target thickness of 4 inches provided on
all surfaces in the design drawings allows for some grading tolerance during placement.

The modified capacity within Cell 6B is approximately 1,053,500 cubic yards and the modified

capacity within Cell 7 is approximately 1,135,800 cubic yards. This vertical expansion will increase
the capacity of Cells 6B and 7 by 461,500 cy and 402,800 cy, respectively.
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EXHIBIT A

DESIGN DRAWINGS
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B—2 CELL 68 INCEX_SHEET.OWG

GENERAL NOTES

1

COORDINATES AND ELEVATIONS PROVIDED ARE BASED ON SITE SPECIFIC
COORDINATE SYSTEM AND DATUM CONTROL.

ALL ELEVATIONS PROVIDZD ARE BASED ON ORICINAL EMBANKMENT DESICM
AND CONSTRUCT'ON ELEVATIONS. ADJUSTMENTS SHALL BE MADE PRIOR
TO CLOSURE TO ACCOLNT FOR SETTLEMENT.

LINING SYSTEM SUBGRADES & SOIL FILL

[

AlLL SURFACES PROMVIDING SUBGRADES FOR LINING SYSTEMS SHALL BE
PROOF RCLLED FOR SCTT AND/OR YIELDING SURFACES, SOfT AND/OR
YIELDING SURFACES SHall 8E COMPACTED TO PROVIDE A FIRM
SUBGRADE FOR LIMING SYSTEMS,

ALL CLAY LINER MATERINS SHALL B2 COMPACYED TO 95X OF ASTM
D698 AT A MOISTURE CORTENT BETWIEN MINUS 2% AND PLUS 4X OF
OPTIMUM,  ALL CLAY L'vER SHALL MEET TrE REQUIRED PERMEABLTY OF
1 X 156—7 CM/SEC. A DEFLOCCULATING AGENT {SODRUM—TRIPOLY
PHOSPHATE) MIXED WATw THE CLAY UIMER AT A MINtMUM RATE OF 3.5
POUNDS PER 30 CUBIC FEET OF LOOSE MATERIAL IS TYPICALLY REQUIRED
TQ MEET THE REQUIREC PERMEABILITY. CLAY UNER SURFACES SHALL BE
MAINTAINED UNTIL FLACCMENT OF OVERLYIMG GEOSYNTHETIC MATERIALS.

AL FILL MATERIALS REQUIRING COMPACTION, ON THE PERIMETER
SIDESLOPES, PIFE BACKFILL, AND OTHER DESIGNATID COMPACTION
AREAS SHALL BE COMPACTEDR TO 95X OF ASTM D—898 AT A
MOISTURE REQUIRED TC FACILITATE COMPACTION.

THE SUB—GRADE FOR THE GEOSYNTHETIC MATERIALS SHALL BE FREE
OF PROTRUDING ROCKS AND DEBRIS THAT MAY POTENTIALLY CAUSE
OAMAGE TO THE GEOSY~THETIC MATERIALS. THE SUBGRADE SHALL
ALSDO BE ROULLED WITH A SMOOTH DRUM ROLLER TO LEAVE THE
SURFACE SMOOTH.

BORROW SOURCES FOR §—INCH THICK SAND AND 2-FCOT THICK
PROCTECTVE SOH. COVER LAYERS YO BE APPROVEDC BASED ON THE
FOLLOWING TESTS USING LIQUID OBYANED FROM SYNTHETIC LEACHATE
PRODUCYD USING BORFOW SQURCE SOILS: 1. SCREENING CLAY PORNON
OF GEOSYNTHETIC CLAY LINER FOR CHEMICAL COMPATIBILTY T2 UQUIDS
(ASTM 08341); 2. SWELL INDEX (ASTM DS830); 3. FLUID LOSS TESTING
(ASTM D5B91); AND 4 MYDRAULIC CONDUCTMITY {ASTM D6766 OR ASTM
D5084) AS REQUIRED 27 THE ENGINEER BASED O RESULTS OF OTHER
TESTING.  MAXIMUM HYDRAULIC CONDUCTVITY OF GOl SHALL MEET AN
EQUIVALENCY OF A 2-FDOT THICK COMPACTED CLAY UNER WITH A
HYDRAULIC CONDUCTWITY OF 1X10—7 CM/SEC.

COMPACTED CLAY SOIL ON THE PERIMETER SLORES MAS NO PERMEABILITY
REQUIREMENT AND SHALL BZ COMPACTED TO 95% OF ASDM D—€98.

GENERAL GEOSYNTHETICS

1.

MANUFACTURER'S CERTSICATIONS SHALL BE PROVIDED FOR ALL RAW
AND MANUFACTURED MATERIALS. CERTIFICATIONS SHALL SE IN
ACCORDANCE WITH THE MANUFACTURER'S MATERIAL SPECIFICATIONS AND
FROJECT CQA PLAN CTRTERIA AND SHALL MCLUDE ALL [ES! DATA FOR
MATERIALS DELIVERED AND AT A MINIMUIM, THE TEST FREQUENCIES
DESIGNATED [N THE MANUFACTURER'S QUALITY ASSURANCE MANUALS
AND SPECIFICATIONS AND THE PROJECT CQA PLAN,

GEOMEMBRANE LINER

ALL GEOMEMBRANE MATERIALS SHALL BE TIXTURED ON BOTH SiDES.

NO GEOMEMBRANE MATERIALS SHALL 9E DEPLOYED IN SUB-FREEZING
TEMPERATURES UNLESS APPROVED BY CWNER WITH AN APPROVED COLD
WEATHER ODEPLOYMENT PLAN.

NO SEAMING SHALL BE ALLOWED N SUB—FREFZING TEMPERATURES WIHOUT
OQWNER APPROVAL OF AN APPROPRIATE COLD WEATHER SEAMING PLAN AND
ONLY AFTER PROPER DEMONSTRATION OF PRE~QUALIFIED TES? SEAMS.

FIELD TESTING AND QUALTY CONTROL SHALL FOLLOW, AT A MiNIMUM, THE
REQUIREMENTS PROVIDED IN THE MOST RECENT VERSION OF THE
INTERNATIONAL ASSOCHATION OF GCOSYNTHETIC INSTAL.ERS HOPE AND LLDPE
GEOMEMBRANE INSTALLATION SPECIFICATION, THE MANUFACTURERS IMNSTALLATION
PROCEDURES, AND/OR THE PROJECT SPECIFICATIONS AND CQA Flan,
WHICHEVER IS MOST STRINGENT.

DRAINAGE COMPOSITE

DOUDLE—SIDED DRAINAGE COMPOSITE SHALL OONSIST OF 80Z. NON-WOVEN
GEOTEXTILE BONOED TO BOTH SIDES OF GECONET.

GECMEMBRANE MATERIALS SHALL BE CLEANED OF DIRT ANC DISRIS PRIOR
TO OEPLOYMENT OF DRAINAGE COMPQSITS.

DRAINAGE COMPOSITE SHALL BE FASTENED OR SECURED WITH HEAT BONDING,
SEWING OR OTHER APPROVED METHND, BETWEEN GEOIEXTILE “ABRIC MATERALS
ALONG THE ENT'RE LENGTH OF THE SEAMS.

OVERLAPS OF SCAMS SHALL BE, AT A MINIMUM, THE OIMENSIONS
RECOMMENDED B8Y THE MANUFACTURES.

TE vV

CARE SHALL 8E EXERCISED DURING PLACEMENT OF PROTECTIVE SOu JOVER
MATERIALS. A MINIMUM COVER THICKNESS AS DESIGNATED IN THE PROJECT
SPECIFICATIONS AND/OR THE PROJECT CQA PLAN SHALL 8E MAINTAINED AT
ALL TIMES BETWEEN THE TIRES OR TRACKS OF EQUIPMENT AND THE
UNDERLYING GEOSYNTHETIC MATERIALS.

NO SHARP, ABRUPT, OR PNVOTING TURNS SHALL BE ALLOWED BY EQUIPMENT
USED ABOVE THE PROTECTIVE SOIL COVER THAT MAY CAUSE SQIL
DISPLACEMENT AND DAMAGE TO UNDERLYING GEOSYNTHETIC MATERIALS,

ANY WAVES OR WRINKLES THAT BECIN TO FORM SHALL BE TRAPPED &Y
PLACING SUFFICIENT PROTECTIVE SOIL COVER HEYOND THE WAVES OR
WRINKLES TO HOLD THEM IN PLACE AND KZEP THEM FROM COMBINING INTO
LARGER WAVES OR WRINKLES.

\'i P N MU

STONE MULCH SHALL BE PLACED TO A THICKNESS OF 4 INCHES OM ALL
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NOTES:
1. IF SECTION AND OETALS ARE SHOWN ON THE

: 2. AL GEOSYNTHETIC MATERIALS SHALL BE LOADSD, TRANSPORTED. ) NESS s SAME DRAWING AS SECTION CUTS AND SECTIOM
i& OFF—LOADED. STORED. AND HANOLED IN ACCOROANCE WITH gtg,i;‘g‘,jg";‘ﬁ,?,;gs"gf}‘gg,L“‘SL";.;E; SHALL SE 2 INCHES ON 10% OR DETAIL CALL—OUTS DRAWING NUMBER IS
o MANUFACTURER RECOMMENDATIONS. REPLACED BY A LINE.
; aat ; ‘ A
ie 3 AT A MINIMUM, AL SEOSYNTHETIC MATERALS SALL BE IKSTALLED IN e e L o, STONE MULCH SHALL BE 0.98 INCH AND StAiL 2. DETAIL LETTERS 71" AND O NOT USED.
1'2 ACCORDANCE WITH MANJFACTURER'S RECOMMENCATIONS AND INSTALLATION
& GUIDES AND IN ACCORTANCE WHTK THE PRCJECT SPECIICATIONS AND CGA
g X
=)
i2 4. THE GECSYNTHEVIC INSTALLER SHALL PROVIDE A SUBGRADE ACCEPTANCE TA F AB Tl
£ p
@ CERTIFIGATEON FOR ALL AREAS OF GCL OEPLOTMEMT. P = AR GAS VENT MH =  MANHOLE
g STORM DRAINAGE SYSTEM 8 = AT MIN. = MINIMUM
vd
3 ALL MANHOLES, LIDS, AND RINGS AND COVERS SHALL BE RATED FOR W20 AVG. =  AVERAGE H. = NORMH
LOADINGS.
6 C.C. = CENTER TO CENTER NT.S. = NOT TO SCALE
z RINGS AND COVERS AND GRATED COVERS SHALL PROVIDE A M:NIMUM
g Y T . OPENING FOR ACCESS OF 30 INCHES. T = CENTER UNE £. = ON CENTER
3 W GRATED COVERS SHALL BE USED FOR SMBAMKMENT DRAINAGE D'TCH INUETS
3 , _ - = CLR. = CLEARANCE PC = POINT OF CURVE
5 1. AL GCL MATERILS SHALL BE NEEDLE PUNCH REINFORCED. A 10" X 10’ CONCRETE APRON SHALL BE OLACED ARDUND ALL MANROLE
it 2. GCL SHALL BE ODESLOYED WITH NON-WOVEN GEOTEXTLE SIDE UP. COVERS. CONT. = CONTINUOUS Pt = POINT OF INTERSECTION
2 . . RIPRAP APRON AT GONCRETE BAFFLED OUTLETS 70 EXTEND A MiNINUM
3 3. ALL DEPLOYEC GCL MATERIALS SHALL BE COVERED BY THE END OF EACH i LES & iy cPp CORRUGATED P pst POUND : N
; WORK DAY T UINMIE EVAFORATION OF NOISYURE ATTHN THE. BENFONTTE DISTANGE OF 5 FEET, TO BE 12 INCHES THICK, AMD HAVE A Dse=3". = CORRUGATED POLYETHYLENE PIPE = POUND PER SQUARE INCH
M AND 10 ROTECT THE GCL MATERIALS FROM EXPOSURE TO RAINY AND TYPE L RIPRAP AND TYPE U FILTER TO EXTEND AT A RADIUS OF 14 FEET DA. = DWMETER PT = POINT OF TANGENT
g ' MINIMUM FROM THE OGWNSPOUT PIPE OUTLET (WHERE BAFFLED OUTLETS ARE
o + L BE ;\'ﬁ ACCORCANCE WITH MANUFACTURER'S RECOMMEHDATIONS, NOT PROVIDED) AND TO CONSIST CF THE FGLLOWING SRADATIONS: DWC = DRAWING REINF =  REINFORCEMENT
P SPEGIFInATIONS, ANC THE PROJECT CGA FLAN. ; ' DAR
b INTERMEDATE MEAN A0CK
€8] 5 GCL MATIRILS THAT ARE WANUFAGTUREQ TO PROVIDE SELF-SEALING SEAMS % SMALLER ROCK DIMENSIOR DAMETER E = @ SDR =  STANDARD DIMENSIONAL RATIO
AND DO NOT RECIRE 4 BENTONITE BFAD SHALL RECEVE A BENTONITE B WEIGHT (INCHES) Dsa (INCHES) FaC SF =  SOUARE
a BEAD WHEN THE SELF~SEALING DESIGN IS COMPROMISED ON THT ENDS OF PE L T9-100 1 EF = EACH FACE FEET
3 PANELS AND WHERE THE SELF—SEAUNG GROQVE (IF PART OF THE B -
z® SELF—SEALING DES:GN} HAS BEEW REMOVED FROM PARTIAL WIDTH ROLLS. RERAP R 3 3 EL. = ELEVATION SQ. = SQUARE
«—
271 & GCL WATIRWLS THAT SaVE NOT SEEN MANUFACTURED TO PROVIDE SELF US. STANDARD  PERCENT PASSING EW. = EACH way STA. = STATION
o SEALING SEAMS SeAL TCENVE A SENTONITE BEAD 10 PROVIDE THE SEAM SIEVE_Si7z SY_WEIGHT
'g SEAL N ACCORDANNCE witht NANLFACTURER'S RECOMMENDATIONS. I—INCH 940--00 L =  FLOW LINE TL = TOP OF UNER
o YPE @t 3/4 tNCH 35-90
on GRANUAR o, 15 8- HOPE = HIGH DENSITY POLYETHYLENE T.0.0. = TOP OF CONCRETE
oy E NO. 209 ©-3
gg 12 =  INSIDE DIAMETER TYP. = TYPICAL
:‘?; MAX, =  MAXIMUM UBC = UNTREATED BASE COURSE
e DESIONED KCS 3 ot 1 GRASSY MOUNTAIN FACILITY Se
AlorarTED  CAH 2
. = — - 70 LANDFILL CELL 6B — CLOSURE G6B—-2
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GENERAL NOTES

1. COORDINATES AND ELEVATIONS PROVIDED ARE BASEC ON SIE SPECIFIC
COQORDINATE SYSTEM AND DATUM CONTROL,

2. ALL ELEVATIONS PROVIDED ARE BASFD ON ORIGINAL EWMBANKMENT DESIGN
AMD CONSTRUCTION ELEIVATIONS. ADJUSTMENTS SHALL BE MACE PRIOR
TO CLCSURE TO ACCCUNT FOR SETTLEMENT.

ININ T

3. ALL SURFACES PROVIDING SUBGRADES FOR LINING SYSTEMS SHALL BE
PROOF ROULED FOR SOFT AND/ORt YIELOING SURFACES, SOFT AND/OR
YiELDING SURFACES SHALL BE COMPACTED TO PRONVIDE A FiRM
SUBGRADE FOR LINING SYSTEMS.

2. ALL CLAY UKER MATERIALS SHALL Bf COMPACTED TO 5% OF ASTM
D—698 AT A MOISTURZ CONTENT BETWEEN MINUS 2% AND PLUS 4% OF
OPTIMUM.  ALL CLAY LINER SHALL MEET ThE REQUIRED PERMEABILITY GF
1 X 10-7 CM/SEC. A DEFLOCCULATING AGENT (SDDIUM-TRIPOLY
PHOSPHATE) MIXED WITH THE CLAY LINER AT A MINDAJM RATE OF 3.8
POUNDS PER 50 CUBIC FEET OF LODST MATERIAL IS TYPICALLY REQUIRED
TO MEET THE REQUIRED PERMEABHITY. CLAY UNER SURFACES SHALL BE
MAINTAINED UNTIL PLACEMENT OF OVERLYING GECSYNTHETIC MATERIALS,

3. ALL Fil WATERIALS REQUIRING COMPACHON, ON THE PERIMETER
SIDESLOPES, PIPE SACKFRL, AND OTHER DESIGNATED COMPACTION
AREAS SHALL BE COMPACTED TO 93% OF ASTM D698 AT A
MOISTURE REQUIRED TO FACILITATE COMPACTION.

4. THE SUB—GRADE FOR THE GEQSYNTHETIC MATERIALS SHALL BE FREE
OF PROTRUDING ROCKS AND OEBRIS THAT MAY POTENTIALLY CAUSE
DAMAGE YO THE GEOSYNTHETIC MATERIALS. THE SUBGRADE SHALL
ALSO BFE ROLLED WITH A SMOOTH DRUM RQOLLER TO LFAVE THE
SURFACE SMOOTH,

5. BORROW SOURCES FOR 5—INCH THICK SAND AND 2—-FQOT THICK
PROCTECTIVE SQiL COVER LAYERS TQO BE APPROVED BASED ON THE
FOLLOWING TESTS USING LIQUIO OBTAINED FROM SYNTHETIC LEACHATE
PRODUCED USIMG BORROW SOURCE SOILS: 1. SCREEMING CLAY PORTION
OF GECSYNTHETIC CLAY LINER FOR CHEMICAL COMPATIEILITY TO LIQUIDS
{ASTM DB141); 2. SWELL INDEX (ASTW D5890); 3. FLUD LCSS TESTING
(ASTM D5891); AND 4 HYDRAULIC CONDUCTMITY (ASTM D5766 OR ASTM
D5084) AS REGUIRED 8Y THE ENGINEER BASED ON RISULTS OF OTHER
TESTING. MAXIMUM HYDRAJUC CONDUCTMITY OF CCL SHALL MEET AN
EQUIVALENCY OF A 2~FD0T THICK COMPACTED CLAY LINER WITH A
HYDRAULIC CONOUCTIVEY OF 1X10-7 CM/SEC.

6. COMPACTZO GLAY SOIL ON THE PERWMETER SLOPES HAS NO PERMEABILITY
REQUIREMENT AND SHALL BE COMPACTED TO 95% OF ASOM D-633.

EO T

1. MANUFACTURER'S CERTIFICATIONS SHALL BE PROVIDED FOR ALL RAW
AKD MAMUFACTURED MATERIALS. CERTMIFICATIONS SHALL BE IN
ACCORDANCE WI'H THE MANUFACTURER'S MATERWL SPECIFICATIONS AND
PROJECT CQA SLAR CRITERIA AND SHALL INCLUDE ALL TEST DATA FOR
MATERIALS DELIVERED AND AT A MINIMUN, THE TEST FREQUEMNCES
OESIGNATED IN_THE MANUFACTURER'S QUALITY ASSURANCE MANUALS
AND SPECIFICATIONS AHD THE PROJECT CQA PLAN.

2. ML GEOSYNTHETIC MATERIALS SHALL BE LOADED, TRANSPORTED,
OFF—LOADED, STORED, AND HANDLED IN ACCORDANCE WITH
MANUFACTURER RECOMWENDATIONS,

3. AT A MINIMUM, ALL GEOSYMTHETIC MATERIALS SHALL BE INSTALLED IN
ACCORDANCE WITH MANUFACTURER'S RECOMMENOATIONS AND INSTALLATION
GUIDES AND N ACCORDANCE WITH THE PROUECT SPECIFICATIONS AND CQoA
PLAN.

4. THE GEOSYNTHENC INSTALLER SHALL PROVIDE A SUBRGRADE ACCEFTANCE
CERTIFICATION FOR ALL AREAS OF GCL DEPLOYMENT.

GEOSYNTHETIC CLAY LINER (GCL)

t. ALl GCL MATERALS SHALL BE NEEDLE PUNCH REINFORCED.
2. GOL SHALL & UCEFLOYED WITH NON-WOVEN GEQTEXTILE SIDE UP.

3. ML DEPLOYED GCL MATERIALS ShAll 3T COVERED BY T™E END OF EACH
WORK OAY O WMINIMIZE ZVAPORATION OF MOISTURE WITHIN THE BENTONITE
AND TO PROTECT THE GCL MATERIALS FROM EXPOSURE TO RANY AND
SNOWY WEATHER.

4. SEAMING SHALL BZ N ACCORDANCE WIH MANUFACTURER'S  RECOUMENDATIONS,

THE PROJECT SPEGIFICATIONS, aND THE PROJECT CQA PLAN.

5 GCL MATERALS THAT ARE MANUFACTURED TO PROVIDE SELF-SEAUING SEAMS
AND DO NOT REQUIRE A BENTONME BEAD SHALL RECEIVE A BENTONITE
BEAD WHEN TrE SELF-SEALING DESIGN iS COMPROMISED ON THE ENDS OF
PAKELS ANO WMERE ThE SELF—SEAUNS GROOVE (F PART OF THE
SELF—SEALING DES'GN) HAS SEEN REMOVED FROM FPARTIAL WIDTH ROLLS.

6. GCL MATERWLS “HAT HAVE NOT BEEN MANUFACTURED TO PROVIDL SELF
SEALING SELMS SHALL RECENVE A BENTONGE BEAD TO PROVIDE THE SEAW
SCAL IN ACCCADANCE WITH MANUFACTURER'S RECOMMENDATICKS.

GEOMEMBRANE LINER

1.
2.

ALL GEOMEMBRANE MATERIALS SHALL BE TEXTURED ON 80TH SIOES.

NO GEOMEMBRANE MATZRIALS SHALL BE DEPLOYED IN SUB-FREEZING
TEMPERATURES UMLESS APPROVED BY OWNER WITH AN APPROVED COLD
WEATHER DEPLOYMENT PLAN.

NO SEAMING SHALL BE ALLOWED jN SUB—FREEZING TEMPERATURES WITHCUT
OWNER APPROVAL OF AN APPROPRIATE COLD WEATHER SEAMING PLAN AND
OMLY AFTER PRODER DEMONSTRATION Of PRE—QUALIFIED TEST SEAMS.

FIELD TESTING AND QUALITY CONTRGL SHALL FOLLOW, AT A MINIMUM, THE
REQUIREMENTS PROVIDED IN THE MOST RECINT VERSION OF THE
INTERNATIONAL ASSOCATION OF GEOSYNTHETC INSTALLERS HOPE ANG LLOPE
GEOMEMBRANE INSTALIATION SPECIFICATION, THE MANUFACTURERS INSTALLATION
PROCEDURES, AND/OR THE PROJECT SPECIFICATIONS AND CQA PLAM,
WH.CHEVER IS MOST STRINGENT.

DRAINAGE COMPOSITE

1.

2.

DOUSLE—SIDED DRAINAGE COMPOSITE SHALL CONSIST QF B802. NON-WOVEN
GEOTEXTILE BONDED TO BOTH SIDES OF GEONET.

GEOMEMBRANE MATERIALS SHALL BE CLEAMEID OF DIRT AND DEBRIS PRIOR
7O DEPLOYMENT OF DRAINAGE COMPOSITS.

DRAINAGE COMPOSITE SHALL BZ FASTENED OR SECURED WITH HEAT BONDING,
SEWING OR OTHER APPROVED METHOD, BEIWEEN GEOQTEXTILE FABRIC MATERIALS
ALONG THE ENTIRE LENGTH DF THE SEAMS.

OVERLAPS OF SEAMS SHALL BE, AT A MINIMUM, THE CIMENSIONS
RECOMMENCED BY THE MANUFACTURES.

PROTECTIVE SOIL COVER

CARE SHALL BE EXERCISED PURING PLACEMENT OF PROTECTIVE SO COYLR
MATERIALS. A MINIMUM COVER THICKNESS AS DESIGNATED IN THE PROJECT
SPECIFICARONS AND/OR THE PROJECT CQA PLAN SHALL BE MAINTAINED AT
AL TIMES BETWEEN THE TIRES OR TRACKS OF EQUIPMENT AND THE
UNDERLYING GEQSYNTHETIC MATERIALS.

NO SHARP, ABRUPT, OR PNOTING TURNS SHALL BE ALLOWED BY ZQUIPMENT
USED ABOVE THE PROTECTVE SOIL COVER THAT MAY CAUSE SOiL
C{SPLACEMENT ANO DAMAGE TO UNDERLYING GECGSYNTHEIIC MATERIALS,

ANY WAVES OR WRINKLES THAT BEGIN TD FORM SHAiLL BE TRAPPED By
PLAGING SUFFICIENT PROTECTIVE SOIL COVER BEYOND THE WAVES OR
WRINKLES TO HOLD THEM IN SLACE ANC KEEP THEM FROM CTOMSINING INTO
LARGER WAVES OR WRINKLES.

R i STON

STONE MULCH SHALL BE PLACED TO A THICKNESS OF 4 INCHES ON ALL
CLOSURE SURFACES. MINIMUM THICKNESS SHALL BE 2 INCHES ON 10X
SLOPES AND 3 INCHES ON 2H:1V SLOPES,

MINIMUM D50 SIZE FOR STONE MULCH SHALL BE 0.§8 INCH AND SHALL
BE VERWIED BY TESTING.

STORM DRAINAGE SYSTEM

ALL MANHOLES, UDS, AND RINGS ANC COVERS SHALL BE RATED FOR H2D
LOADINGS,

RINGS AND COVERS AND GRATED COVERS SPALL PROVIDE A MiNMLM
OPENING FOR ACCESS OF 30 INCHES.

GRATED COVERS SHALL BE USED FOR EMBANKMENT DRAIMAGE DITCH INLETS
A 10’ X 10" CONCRETE APRON SHALL BE PLACED AROUND ALL MANAOLE
COVERS.

RIPRAP APRON AT CONCRETE BAFTLED CUTLEZTS TO IXTEND A MNIMUM
DISTANCE OF S FEET, TO BE 12 INCHES THICK, AND HAVE A Dsom3™

TYPE L RIPRAP AND TYPE !l FILTER TO EXTEND AT A RADIUS OF 14 FEET
MINIMUM FROM THE COWNSPOUT PIPE OUTLET (WHERE BAFFLED OUTLETS ARE
NOT PROVIDED) AND TD CONS!ST OF THE FOLLOWING GRADATIONS:

INTERMEDIATE MEAN ROCK
% SMALLER ROCK DIMENSION CIAMETER
8Y_WEIGHT (INCHES) Disc (INCHES)

— 1
TYPE L 75%—‘7000 13
RIPRAP 35-%0 9 Q
—10 3
U.S. STANDARD  PERCEINT PASSING
SIEVE SIZE 8Y WEIGHT
3-INCH $0-100

e e 2

GRANULAR . -

NG. 18 0-10

FILTER NO. 2 0-3
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SECTION & DETAIL IDENTIFICATION

N IFICAT
SECTION CUT ON DRAWING NC. & AND

SHOWN ON DRAWING NO. 8
ON DRAWING NO. & THIS SECTION S REFERENCED AS:

A _[7]

8

/—SECTION NUMBER

DRAWING ON
WHICH SECTION
APPEARS

ON DRAWING NO. B, THIS
SECTION iS5 IDENTIFIED AS:

/— SECTION NUMBER

SECTION
6
DRAWING FROM
WHICH SECTION
WAS TAKEN
Al T N

DETA. CALL—OUT ON DRAWING NC. 6 AND
SHOWN ON DRAWING NO. B
ON DRAWING NO. & THIS DETAIL 1S REFERENCED AS:

OETAIL LETTER
1 B
e i
DRAWING ON
WHICH DETAIL
APPEARS .
ON DRAWING NO. 8, THIS
DETAIL 1S IDENTIFIED AS:
OETAL. LETTER
DETAIL[ B
6
\mvr;w-s FROM
WHICH DETAIL
WAS TAKEN
NOTES:

1. IF SECTION AND DETAILS ARE SHOWN ON THE
SAME DRAWING AS SECTION CUTS AND SECTION
OR DETAIL CALL-OUTS ORAWING NUMBER IS
REPLACED 8Y A LINE.

2. DETAIL LETTERS ™" AND "0° NOT USED.

® = AR GAS VENT

© = AT

AVG. = AVERAGE

C.C. = CENTER TO GENTER
€ = CENTER UNE

CLR. = CLEARANCE

CONT. = CONTINUOUS

DA = DWMMETER
DWG =  DRAWING
E. = EAST

EF = EACH FACE
EL. = ELEVATION
EW. = EACH WAY
FL = FLOW LINE

[[o] = NSIOE DIAMETER
MAX. =  MAXIMUM

CPP = CORRUGATED POLYETHYLENE PIPE

HDPE =  HIGH DENSITY POLYETHYLENE

OF A ON

MH =  MANHOLE

MIN. = MINIMUM

N, =  NORTH

N.T.S. = NOT 7O SCALE

0C. = ON CENTER

PC = PQINT OF CURVE

Pi = POINT OF INTERSECTION
PSi = POUND PER SQUARE INCH
PT = POINT OF TANGENT

REINF =  REINFORCEMENT

SOR = STANDARD GIMENSIOMAL RATIO
SF = SQUARE FEET

59. = SQUARE

STA. = STATICN

T =  TOP OF LINER

T.0.C. = TOP OF CONCRETE

T™YP. = TYPICAL

UBC = UNTREATED BASE COURSE
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Applied Geotechnical €ngineering Consultants, Inc.

September 28, 2009
Revised March 15, 2010

Hansen, Alien and Luce, Inc.
6771 South 800 East
Midvale, UT 84047

Attention: Kent Staheli

Subject: Geotechnical Consultation
Cells 6 and 7 Waste Mounding
Grassy Mountain Facility
Tooele County, Utah
AGEC Project No. 1090175

Gentlemen:

Apptied Geotechnical Engineering Consultants, Inc. was requested to evaluate the impact on
settlement and stability if additional waste is placed in Cells 6 and 7 by raising the height and
increasing the slope of the closure caps.

PREVIOUS STUDIES

AGEC previously conducted a geotechnical investigation for Landfill Cell 6 and presented our
findings and recommendations in a report dated January 28,1992 under Project No. 11791,
Waste mounding. consisting of an additional 2% feet of waste was previously evaluated by
AGEC for Cell 6 as discussed in our letter dated January 22, 1993 under Project No. 10993,

AGEC previously conducted a geotechnical investigation for Landfilt Cell 7 and we presented
our findings and recommendations in a report dated December 12, 1995 under Project No.
45995,

SCOPE

We were reguested to provide stability analysis and settlement analysis to consider raising
the height of the waste in Landfill Celis 6 and 7 above the previously designed height. This
increased height wouid include raising the height of the 2:1 slope of the cap and increasing
the slope of the final closure.

600 West Sandy Parkway » Sandy, Utah 84070 » (801) 566-6399 » FAX (801) 566-6493
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Stability analysis was conducted considering raising the waste height of the 2:1 slope by 20
feet and steepening the final closure slope from 5 percent to 10 percent.

Stability analysis included an evaluation of global stability of the landfili and underlying soil
structure with the proposed additional waste in place. Local stability of the 2:1 cap siope and
finer interface stability were aiso considered. Stability analysis was conducted assuming both
static and seismic conditions.

Settlement calculations were performed considering the additional waste height and increase
in final closure slope. The settlement calculstions provide a settiement profile to estimate the
final slope of the cell floor after settlement.

This letter has been prepared to present the resuits of our analysis and our recemmendations
relative to the waste mounding and increase in slope.

MODIFIED DESIGN

We understand that the modified design of the Landfill Cell 6 closure cap is as follows:

Perimeter Slope: 2:1 (horizontal to vertical)
Cover Cross-Section: 4" gravel armor plating
(From top down) 2’ compacted clay soil

60 mil HDPE textured liner
compacted clay liner

Top Slope: 10 percent
Cover Cross-Section: 4" gravel armor plating
{From top down) 2' protective soil cover

Double-sided drainage composite
60 mil HDPE textured liner

GCL

6" soil cushion

The modified design of the Landfill Cell 7 closure cap is as follows:

Perimeter Slope: 2:1 (horizontal to vertical)
Cover Cross-Section: same as Cell 6
Top Slope: 10 percent
Cover Cross-Section: 4" gravel armor plating
{From top down) 2' protective soil cover

double-sided drainage composite
B0 mil HDPE textured liner

GCL

6" soil cushion
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EXISTING CONDITIONS

We understand that significant waste has besn placed in Landfill Celis 6 and 7 and the celis
are near capacity. Based on a discussion with the landfill operator we understand that the
waste has consisted of the following:

Waste Material Fraction

Soil Type Waste 60 to 70 percent
Steel (Pipe, Drums stc.) 1% to 20 percent
Wood, Paper, Plastics etc. 15 to 20 percent

We understand that waste has been placed with a Caterpillar D7 dozer and compacted with
a Caterpillar 825 sheepsfoot compactor.

PROPOSED CONSTRUGTION

We understand that consideration is being given to increasing the capacity of Cells 6 and 7
by increasing the height of the 2 horizontal to 1 vertical perimeter slopes and steepening the
top slopes of the ciosure caps.

We understand that since the time the cells were designed, there has been a change in the
regulatory requirements for cell floor design allowing the floor slopes of the celis after
differential settlement to be reduced from 2 percent to 1 percent. In addition, the
understanding of seismic ground shaking expected for the area studies and the accepted
practices for seismic analysis have changed.

WASTE CHARACTERIZATION

A description of the waste components placed in Landfill Cells 6 and 7 was provided by the
facility manager as previously described.

Previous stability evaluations for Landfiil Cells 6 and 7 have considered the waste to have a
cohesive strength of 100 pounds per square foot and friction angies ranging from 20 to 25
degrees.

The waste characteristics for hazardous waste landfills are difficult to establish. However,
recent information related to municipal solid waste landfills has indicated a cohesive strength
of 300 psf and fiction angle of 36 degrees may be typical for waste landfilis of similar
composition (Bray et al., 2008}. In our professional opinion, it is fikely that the hazardous
waste materials described as having been placed in Landfill Cells 6 and 7 have strength
properties similar to or better than municipal solid waste. Therefore, the strength parameters
used in our previous stability analysis have been conservative.
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in considering the additional waste mounding and steepening of the final closure cap for
Landfill Cells 6 and 7 we have assumed the waste to have a cohesive strength of 100 psf and
a friction angle of 25 degrees which is consistent with the values previously used and in our
opinion are conservative. Higher strengths are not needed to meet the current safety
requirements,

SEISMIC CONSIDERATIONS

At the time of our previous stability analysis, a seismic event having a 90 percent probability
of not being exceeded in 50 years was considered for design. With this seismic event and
prior guidance documents, a factor of safety under seismic conditions of 1.3 was used.

Current practice for the design of municipai solid waste landfills considers a seismic event
having a 90 percent probability of not being exceeded in a 250 year period (EPA, 1995). If
the full peak horizontal ground acceleration is used in the analysis and a safety factor 1.0 or
greater is obtained, it would be concluded that no significant ground deformation would be
expected from the design seismic event.

A peak horizontal bedrock acceleration of 0.15g was used for our seismic analysis considering
a seismic event with a 90 percent probability of not being exceeded in a 250 year period
{Frankel, et ai., 2002). This bedrock acceleration happens to correspond to the bedrock
acceleration previously used which was based on the published maps available at that time
for the more frequent seismic event. The seismic analysis previously performed indicates a
horizontal ground acceleration of 0.18g for the site resulting from the bedrock acceleration
of 0.15g. Therefore, a peak horizontal ground acceleration of 0.18g was used in our
analysis.

A summmary of the expected seismic ground shaking at the site based on current and previous
information published by USGS is given below as well as stability safety factors considered:

Peak Peak
Date of Seismic Seismic Acceleration Acceleration Factor of
Data Event** {Bedrock) {Site) Safety

1993-1995 90 percent in 0.1bg 0.18g 1.3
' 50 years

2002* 90 percent in 0.08g not evaluated N/A
50 years

2002* 90 percent in 0.15g 0.18g 1.0
250 years

* 2002 data is currently used by the 2006 building code.
**  probability of not being exceeded in the time period indicated,
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STABILITY EVALUATION

The results of our stability evaluation considering raising the height of the 2:1 waste slope
by 20 feet and increasing the slope of the final closure cap to 10 percent are presented on
Figures 1 and 2. The soil parameters assumed for the analysis are based on information
presented in the above-referenced geotechnical reports and from our previous consultation.
The results of the analysis indicate a safety factor of 1.5 or greater under static conditions
and 1.0 or greater under seismic conditions.

The presence of a pond in the vicinity of Landfill Cell 6 was considered in the analysis and
was found to have no significant impact on the stability.

The results of the stability calculations are included in Appendix A for Landfill Celi 6 and
Appendix B for Landfill Cell 7.

interface material stability for the closure caps was considered. The findings indicate that a
textured HDPE liner placed in contact with compacted clay for the 2:1 closure slope provides
a suitable factor safety. For the 10 percent closure slope where a drainage net is in contact
with the HDPE liner, it is recommended that a textured HDPE liner be used and that a welded
comgosite of geotextile and geonet be used over the textured membrane to provide an
adequate safety factor for stability. Interface stability calculations are incltuded in Appendix
C. The interface friction angles assumed consider saturated conditions.

SETTLEMENT

Settlement of the final closures of Landfili Cells 8 and 7 were evaluated considering the
original design configuration and a 20-foot increase in waste mounding with 5 percent and
10 percent slopes for the closure caps. The results of the settlement analysis are prasented
on Figures 3 and 4. Settlement calculations are included in Appendix D.

Based on our svaluation of the settlement as it relates to differential settlement of the cell
floor, the following slopes are calculated after the estimated differential settlement:
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Estimated Settlement
Fioor Slope Flaor Slope
Crest Sump before after
Cell Waste Closure {inches) (inches) Settlement (%) Settiement (%)
6 Current 71 64 2.7 2.4
Design
6 20" mounding/ 83 76 2.7 2.4
5% cover slope
6 20" mounding/ 89 77 2.7 2.2
10% cover slope
7 Current 75 63 2.3 2.0
Design
7 20' mounding/ 86 74 2.3 2.0
5% cover slope
7 20 mounding/ 384 75 2.3 1.8
10% cover slope
LIMITATIONS

This letter has been prepared in accordance with generally accepted geotechnical engineering
practices in the area for the use of the client for design purposes.
conclusions are based on subsurface conditions presented in the above-referenced reports and
letter, our understanding of the proposed configuration of landfill closures and the assumed
characteristics of the waste material. If the proposed construction or conditions are found
to be different from those described above and in the above-referenced reports, we should
be notified so that we can reevaluate our findings and conclusions.

Sincerely,

&

Reviewed by DRH, P.E., P.G.
JRM/dc
Enclosures

APPLIED GEOTECHNICAL E@Qlﬁgg?ﬂﬁ CONSULTANTS, INC.
ERLR L

The findings and
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Cell 6 Stability Analysis Summary

Soil Parameters Stability Results
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Cell 7 Stability Analysis Summary

Soil Parametars Stability Results
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Landfill Cell & Stability Printouts



AGEC 2hje
Midvale UT s/n5208
CELL 6/LT/STATIC/SOUTH/WASTE +20

Z20BLURFACES HAVE BEEN GENERATED
10 MOST CRITICAL OF SURFACES GENERATED
MINIMUM FACTOR OF SAFETY = 1.933
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PROBLEM DESCRIPTICN

BOUNDARY COCRDINATES

9 TOP

BOUNDARY

NO.

AT - I S B RS A

Wold W W W W WA N B R BB N DT B D R e et e ped P g o g
EDJO\U‘#L-)NHD\DG:!dﬂ\wﬂwMI—O\Dm-Jm'ﬂbhuNHO

18 TYPE(S) OF S50IL

S0IL

TYPE UNIT WT. WNIT WT.

NO.

TOTAL

BOUNDARIES
38 TOTAL BCUNDARIES

X-LEFT

211.
217,
237.
31G.
320.
379.
3B1.
384.
32¢.
324.
377,
382.
223.
324,
328.
332,
33%.
333,
385.

332

391,
323,
391.
211,

SIMPLIFIED JANBU METHOD OF SLICES

CELL 6/LT/STATIC/SCUTH/WASTE +20'

--SLOPE STABILITY ANALYSIS--

Y-LEFT

238
238

240.

240

269.
26%.

298

298 .

287

263.
269.

295
288
266

269.
268.

267

267.

267

251.
267.
247.

266
244
228

236 .

234

230.

224

220.
211.
130.

187

178.

175

172.
1E8.

157

ISOTROPIC SOIL PARAMETERS

SATURATED

.00
.00
00
.00
¢o
00
.60
€0
.60
co
00
.20
.30
.70
00
50
.00
00
.00
40
00
40
.70
30
.00
0o
.00
o
.00
a0
90
00
.00
00
.00
00
00
.00

IRREGULAR FAILURE SURFACES

X-~RIGHT

211,
.50
237,
310.
320.
3748,
381.
384.
560.
324.
377.
382.
560.
324.
328.
322.
339.
382.
385.
.00
391.
560.
210
560.
560.
560.
560.
550.
560.
560.
560.
560.
560.
.00
560,
560,
$60.
560.

217

560

391

560

50

50
00
20
40
40
40
00
70
10
0o
o
70
i0
70
G0
0o
80

50
00

00
[s1e}
00
o0
00
00
00
00
0¢
co

00
00
00
[s10]

Y-RIGHT

238.
240.

240

269,
269,
238,
288.
297.
315.
263,
295.
285,
313.
269.
268,
267.
267,
285.

251
251

247.
247.
244.
244,
238,
236.
234.

230

224,

220
211

130.
1B7.

178

175.
172.
1e8.
157.

COHRSION FRICTION

INTERCEPT

ANGLE
{DEG)

00
00
.00
a0
g0
60
60
60
18
[e14]
20
30
16
00
50
(¢
00
30
-40
.40
40
40
20
30
00
00
00
.00
00
.00
.00
00
00
.00
090
oo
00
00

PCRE

SOIL TYPE
BELOW BND

=
OWE~1on U WL NKRE P NNNG&NRKNWFF MWW W WU

[N N R Ry SR S
R N A T

PRESSURE

PRESSURE CCNSTANT

PARMMETER

BEIEZOMETRICT
SURFACHE
NO.



1 120.0 129.0 100.0 28.0 .00 .0
2 110.0 110.0 27¢.0 28.0 .60 .0
3 130,90 130.0 400.0 32.0 .00 .0
4 120.0 120.0 1060 25.0 .00 .0
5 136.0 130.0 200.0 30.0 00 .0
% 120.0 120.0 200.0 30.0 .00 .0
7 110.0 110.0 200,0 30.0 .00 .0
8 110.0 110.0 200.0 27.0 .00 .0
9 110.0 210.0 200.0 30.0 .00 .0
10 119.0 110.0 200.0 27.0 .00 .0
11 110.0 110.0 200.0 30.0 .00 .6
12 110.6 110.9 200.0 27.0 .00 .0
13 110.6 110.0 200.0 30.0 .00 .0
14 110.0 110.0 200.0 27.0 .00 .0
15 110.0 110.9 200.0 30.0 .00 .0
16 116.6 110.9 200.0 27.0 .00 .0
17 110.0 110.0 200.0 30.0 .00 .0
15 110.0 110.0 200.0 27.0 .00 .0

1 PIBZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

UNITWEIGHT OF WATER = 62.40

PIEZOMETRIC SURFACE NO. 1 SFBCIFIED BY 2 COORDINATE POINTS

POINT X~ WATER Y-WATER
NO.
1 .00 234.00
2 550.00 234.00

A CRITICAL FAILURZ SURFACE SEARCHING METHOD, USING A RANDOM
TECHNIQUE FCE GENERATING CIRCULAR SBURFACES, HAS BEEN SPECIFIED.

2500 TRIAL SURFACES HAVE BEEN GENERATED.

50 SURFACES INITIATE FROM EACH OF 50 POINTS EQUALLY SPACED

ALONG THE GROUND SURFACE BETWEEN X = 100.00
AND X = 200.00

EACH SURFACE TERMINATES BETWEEN X = 330.00
RND X = 450.00

UNLESS FURTEER LIMITATIONS WBERE IMPOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS IS Y =~150.060

1¢.00 FY. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.

FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL

FIRST.

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED 2ISHOP METHOD.

FAILURE SURFACE ¥ 1 SPECIFIED Bf 28 COORDINATE POINTS

SAFETY FACTOR = 1.932

e I I o T O PP



l X-CENTER = 265.12
Y-CENTER = 373.89
RADIUS = 165.34
l POINT X-BURF  ¥-SURF ALPHA
HG . (DEG)
1 179.59 238.00 -29.82
2 168.27 233.02 -26.36
3 197.23 228.59 22.89
4 206 .44 224.70 -19.42
5 215.87 221.37 -15.96
3 225.49 218.62 -12.49
7 235.25 216.46 -9.03
) 245.13 214.89 -5.55
3 255.08 213.92 -2.10
10 265.07 213 .56 1,37
11 275.97 313.79 4.84
12 285.93 14.64 8.30
13 291.93 216.08 11.77
14 304.72 218.12 15.23
15 114.37 228.75 18.70
15 323.94 223.95 22.17
17 333.190 227.73 25.63
18 342,12 232 .65 29.10
19 350.85 236.92 32.56
l 20 359,28 242.30 36.03
21 367.37 248.18 19,50
22 375.09 254.54 12.96
23 382.40 261.36 46.43
24 389,30 268.60 49.89
25 395,74 276.25 53.36
26 401.71 284 .27 56.82
27 407.18 292 .64 60.29
I 28 411.56 300.32
SLICE X DX ] DO DU DN DSz
II No.
1 181.34 2.49 453,58 .00 .00 918.56 €90.39
2 184 .83 3.49 1325.83 .00 .00 2131.62 1052.67
3 187.42 1.70 933.68 .00 59.41 1375.16 613 .13
I 4 191,32 6.11  4725.61 .00  1057.88 5358.29  2305.62
5 195.80 2.85 2901.73 .00 934.49  2837.52  1077.08
6 201.83 5.21 12082.21 ,00  4591.12 10058.36  3685.61
7 207.43 1.88 3089.10 L00 1263.% 2302.91 823.97
8 209.96 3.08  5113.39 .00 2149.19 3791.25  1470.24
9 213.69 4.37  B302.25 L00  3429.94  6194.96  2329.72
10 215.69 1.63  3483.28 .00  1359.00 2530.11 930.51
11 215.08 3.17  7131.17 .00  2786.38 5169.68  18B84.94
12 223.08 4.82 11444.69 .00  4552.40 B067.34  2644.63
I 13 230,27 9.76 25096.43 .00 10270.55 16635.27 5419.06
14 236.37 2.25  6096.46 .00  2519.38  3852.29  1251.06
15 241.31 7.63 22829.57 .00 BI15.62 14953.31  4740.02
16 250.10 9.95 35538.91 .00 12226.88 24201.93  7413.38
17 260.08 %.99 4159%.24 .00 12643.31 29304.20  8758.17
18 270.07 10.00 46880.73 .00 12682.77 33572.40  $988.5%
19 280.05 $.96 51305.55 .00 12345.08 38204.27 11103.93
20 289,98 3.50 54814.00 .00 11531.54 41996.75 12103.52
22 299.82 9.75 57364.98 D0 10544.68 45345.39 12986.38
I 22 307.36 5.28 32006.77 .00 5177.98 25975.75  7412.64
23 310.81 1.62  9857.00 .00 1487.43  B099.87  2308.28
24 312.939 2.75 16577.77 .00 2423.09 13574.12  4348.76
25 317.28 5.83  34291.43 .00 4712.48 28403 .3 9115.72
26 322.02 3.64 21151.09 .00 2555.94 17836.36  5724.34
27 323.87 Y 355.32 .00 41.03 303.01 97 .28



1

28 323.92 .65 251.88 .06 33.63 248
23 324.32 .75 4375.95 .00 437.73 3786.
30 326.40 3.40 19781.48 .00 2062.23 17296.
31 330 .40 4.60 26B41.55 .00  2285.00 23320.
32 3132.90 .40 2339.22 a0 171.35 2109.
33 335.47 4.74 27671.98 .00 1683.40 25520.
34 338.42 1.18 £798.35 .00 299.77  8277.
3s 340.5¢ 3.12 18233.17 .00 581.00 17020.
38 343 .66 3.50 20463.11 .00 243.04 19675,
37 347.41 3.59 20853.59 .00 .00 20359,
38 350.03 1.85 9558.99 .00 200 9287.
33 351.79 1.70 9790.04 .00 .00 9643.
40 355.92 5.73 38146.04 .00 .00 36642.
41 363.33 8.09 43966.30 .00 .0C  42798.
a2 365.11 3.48 18117.18 .00 .00 17931
43 372.25 2.79 14200.01 .00 .00 14661
44 374.36 1.44 7242.40 els) .0C 7585,
45 375.26 .34 1£96.04 .00 .0c 1827
46 376.2% 1.67 8259.920 .00 .00 9126.
47 378.2% 2.30 11133.26 .00 .60 12299,
48 3B80.49 2.00 9366 .05 .00 .00 10343
42 381.790 .60 2720.45 .00 .00 31003
50 382.20 4 1892.39 .00 .00 1989.
51 382.40 2.00 8508.54 .00 .00 9722.
52 386.83 4.90 188596.95 .00 .00 21330.
53 352.82 6.44 20089.24 .00 .00 23764.
54 398.72 5,97 13443.01 .00 .00 16483
55 404.44 5.47 7318.95% 58 098152
56 408.75 3.14 1747.70 .00 .00 2075.
57 410.%4 1.24 152.656 .00 .00 54
AGEC
Midvale UT s/nk206
FAILURE SURFACE # 2 SPECIFIED 2Y 29 COORDINATE POINTS
SAFETY FACTOR = 1.935
X~CENTER = 260.54
Y-CENTER = 386.38
RADIUS = 74.14
POINT X~SURF Y -SURF ALPHA
NO. (DEG)
1 169.39 238.00 -29.5%2
2 178.06 233.01 -26.62
3 187.00 228.53 ~-23.33
4 195.18 224.57 -20.04
5 205.57 221.14 -16.75
6 215.15 218.26 -13.48
7 224.87 215.93 -10.17
8 234.72 214.17 -6.88
] 244 .64 212.97 -3.59
10 254.82 212.34 -.30
11 264.62 212.29 2.99
iz 274.61 212.81 6.28
13 284.55 2131.91 9.57
14 294.41 215.57 12.86
15 204.16 217.79% 16.15
16 313.77 220.38 19.44
17 323.19 223.91 22.73
18 332.42 227.77 26.03
19 341.40 232.16 29.32
20 350,12 237.0% 312.61
21 358.55 242.44 35.90
22 366.65 249.31 39.19
23 374.490 254.62 42.48

.86

70
66
69
79
81

06"

67
04
32
45
22
c5
87

.36

26
93

.18

59
08

.31
.28

41
32
95
23

.82
.37

31

.70

3.
L85
.64
6818.

500.
7389,
2008.
5440.
5290.
6505.
.71

%081
4938

2968

3088.
23486,
.Q7
.34

23903
6729

4538,
.15
.60

2183
526

2319.
3129.
2636.
766.
508.
.81
5512.
G249 .
4493,
.58

2494

2734

828,
.85

144

82

57
78
84
23
82
04
&2

37

-
&

02

75
25
29
84

A
x

76
48
3¢

02



1

23 381.77 261.38 45.77
25 385.75 268.54 45.06
28 395.30 276.10 2.35
27 401 .41 284.01 55.64
28 447.05 252.27 58.93
25 421.92 300.35
AGEC
Midvale UT s/n5206
FAILURE SURFACE # 3 SPECIFIED BY 28
SREETY FACTOR = 1.935
X-CENTER = 265.39
Y-CENTER = 369.87
RADIVUS = 156.22
POINT X-SURF Y-3URF ALBHA
NO. (DEG)
L 181.63 238.00 -30,59
2 190.24 232,81 -26.92
3 199.16 228.38 -23.25
4 208.35 224 .44 -19.58
5 217.77 221.08 -15.92
5 227.38 218.34 -12.25
7 237.16 216.22 -8.58
8 247.04 214.73 -4.91
3 257.01 213.87 -1.24
10 267.01 213.66 2.43
11 277.00 214.08 6.09
12 286.94 215.14 9.76
13 256.890 216.84 13.43
14 306.52 219.16 17.10
1s 316.08 222.10 20.77
16 325.43 225.64 24.43
17 334.53 223.78 28.10
18 343.36 234.49 31.77
13 351.86 239.76 35.44
20 360.00 245.56 39,11
21 367.76 251.86 42.78
22 375.10 258.65 46.44
23 361.99 265.90 50.11
24 388.41 273.57 53.78
25 394.32 281 .84 57.45
28 399.70 290.07 61.12
27 404.53 298.83 64.78
28 404.91 299.65
AGEC
Midvaie U? s8/n5206

‘'PAILURE SURFACE # 4 SPECIFIED BY 23

SAFETY FACTOR = 1.937

X-CENTER = 269.91

Y-CENTER = 376.26

RRDIUS = 161.88

POINT X-SURF Y-SURF ALPHA

NO. (DEG)

1 i85.71 238.¢00 -29.57
2 194 .41 233.¢7 -26.03
3 203 .40 228.¢8 -22.49
4 2312.64 224.85 ~18.95

COORDINATE POINTS

COORDINATE PCOINTS



5 222.
[ 231.
7 241
8 251
S 261.
10 271.
11 281.
1z 291.
13 321.
14 310,
15 320,
16 328.
17 339.
18 347.
18 356.
20 364
21 372
22 380.
23 387.
24 394,
25 400.
26 405
27 411
28 412,
AGEC
Midvale UT

10
4
.52
.42
g
38
i7
33
19
93
52
g8z
09
99
33
.88
.73
3L
41
06
24
.91
07
84

8/n520¢

221

215
214

214.

214

Z215.
217.
219.
222,
.92
2289.
234.
235.
.17
.23
257.
.92
.38
.25
.48
.05

225

245
251

264
272
280
288
287

300.

K34
218.
216.
Y
.61

85
89

39

.79

81
44
67
50

91
47
56

88

44

-15.

-11.

] ] ]
[

DI S I VI
WY d™ g U

(&)
-

Sy AW A b e W
AT s e g

FAILURE SURFACE § 5 SPECIFIED BY

SAFETY FACTOR

X-CENTER
Y-CENTER
RADIUS =

POINT
NO.

AV=T0¢ - BN N W T, B VN B S I

L N N N N N I N R T B I I I e
VDI R WREOUE ARV D W & O

= 1.939
= 257.98
= 387.90

176.22

X-SURF ¥-SURP
165.31 238.00
173.96 232.98
182.88 228.47
192.04 224 .47
201.42 220.88
210.98 218.0%
220.63 215 .66
230.52 213 .82
240.44 212.54
250.41 211.8B3
260.41 211.68
270.40 212.10
280.35% 213.08
280.23 214 .84
300.01 216.7%
308.65 219.41
318.12 222.61
348 .40 226.35
337.45 230.6¢C
345.232 235.36
354.75 240.81
362.35 246 .34
370.81 252.52
i78.30 259.14
385.41 266 .17
392.11 273.€0
338.38 281.39
404 .20 289.52
409.54 287.58

41
87
.33
.78
.25
.28
.83
.37
.61
.45

.92

.53

.07

.61

.18

.69
.23

.77
.31
.85
.39
.93
.47

30

ALPHA
{DEG)

-20.
-25.
.60
-20.
-17.
~13.
-19.

-4,

Wiopr

12

18.
13.
21.

25
28
ERS
34
38
41

44,

47
5L
54
57
60

10
43

35
09
84
59
.34
09
.84
.42

.67
.92

.17
4z
&7
83
.18
.43
.68
.93
.19
.44
63
.94
W19
.44
.70
.35

CQORDINATE POINTS



30 410.80 300.24
1
AGRC

Midvale UT 8/n35208

FAILURE SURFACE § & SPECIFIED BY 25 COORDINATE POINTS

Midvale UT 8/n5206

FAILURE SURFACE # 7 SPECIFIED BY

SAFETY FACTOR = 1.939
X-CENTER = 273.59
Y-CENTER = 381.13
RADILS = 169.03
POINT X -SURF Y-SURF ALPHA
NO. (DEG)
1 183.57 228.00 -30.44
2 192.30 222.93 -27.05
3 201.20 228.39 23.66
4 216.36 224.37 -20.2
5 219.74 220.91 -16.88
6 228,31 218.00 -13.49
7 239.03 215.67 -10.10
8 24888 213.92 -6.71
9 258,81 212.75 -3,32
10 268.79 212.17 .07
11 278.79 212.18 3.486
12 2B88.78 212.78 6.85
13 298.70 213.93 10.24
14 308.55% 215.76 13.63
15 318.26 218.11% 17.02
1€ 327.83 221.04 20.41
17 337.20 224.53 23.80
18 346.35 228.55 27.19
19 355.24 233.13 30.58
20 363.85 238.22 33.97
21 372.14 243.81 37.36
22 380.0s 249.88 40.75
23 387.67 256.40 44.14
24 394.84 263.37 47.53
25 401.60 270.75 50.92
26 407.90 278.51 54,31
27 £13.73 286.63 57.70
28 319.08 295.08 61.09
29 422.8%7 301 .42
1
AGEC

SAFETY FACTOR = 1.939

X-CENTER = 265.34

Y-CENTER = 367.76

RADIUS = 153.28

EOINT X-SURF Y-SURF ALPHA

NO. {DEG)

1 187.76 238.00 -30.29
2 196.39 232.95 -26.5%
3 205 .14 228.49 -22.81
4 214.55 224.61 -19.67
5 224 .01 221.34 -15.33
é 233 .65 218.70°  ~11.5%
7 243 .45 218.69 -7.86
8 253 .35 215.32 -4.12

COORDINATE POINTS



1

1

9 263.33 214.60 ~.38
10 273.33 214.54 3.36
11 283.31 215.12 7.10
12 293.23 216.36 10.84
13 303.05 218.24 14.58
14 312.73 220.76 18.31
15 322.22 223.90 22.05
18 331.49 227.65 25.79
17 340.50 232.00 259.53
14 349.20 236.93 33.27
19 357.56 242.42 37.01
20 365.54 248.44 40.75
21 373.12 254.97 44.49
22 380.25 261,97 48,22
23 386.92 269.43 51.96
24 393.08 277.31 55.70
25 398.71 285.57 59.44
26 403.80 254.18 63.18
27 406 .65 299.82
AGEC
Midvale UT &8/nS5206
FAILURE SURFACE # 8 SPECIFIED BY 30
SAFETY FACTOR = 1.941
X-CENTER = 264.50
Y-CENTER = 399.65
RADIUS = 186.54
POINT X-SURF ¥-SURF ALPHA
NO. {DEG)
1 171.43 238.00 ~28.39
2 180.23 233.24 -25.32
3 189.27 228.97 -22.25
P 198.52 225.18 -19.18
5 267.97 221.90 -16.11
6 217.57 219.12 -13.04
7 227.32 216.87 -9.36
g 237,16 215.14 -6.89
9 247.09 213.94 -3.82
10 257.07 213.27 -.75
11 267.07 213.14 2.32
12 277.06 213.54 5.40
13 287.02 214.48 8.47
14 296.91 215.96 11.54
15 306.71 217.96 14.61
16 316.38 220.48 17.68
17 325.91 223.52 20.76
18 335.26 227.06 23.83
13 344 .41 231.10 26.90
20 353.33 235.63 29.97
21 361.99 240.62 33.04
22 37¢.37 246.07 316.11
23 378 .45 251.97 39.19
24 386 .20 258.29 £2.26
25 393.60 265.01 45,33
26 400.63 272.12 48.40
27 407.27 279.60 51.47
28 413.50 287.43 54.55
29 419.30 295.57 57.62
3D 423.04 301.46
AGEC
Midvale UT &/ns20s

COORDINATE POINTS



1

FAILURE ZURFACE # 9 SPECIFIED

BAFETY FACTOR = 1.943
X-CENTER = 264.00
Y-CENTER = 357.35
PADIUS = 146.19
POINT X-SURF Y- SURF
NO.
1 178.59 238.00
2 187.95 232.51
3 195.66 227.60
4 205.62 223.30
3 214.99 219.63
6 224 .52 2186.60
7 234 .24 214.23
g 244.09 212 53
9 254 .04 211.51
10 264.03 211.17
11 274.03 211.35%
12 283.937 212 .54
13 293 .83 214 .24
14 303.54 216.61
15 313.07 219.65
15 322.37 223.32
17 331.40 227.63
18 340.11 232.54
19 348.46 238.03

20 356.42 244.09
21 362.95 250 .67

&2 371.01 257.75

23 377.57 265,30

24 383.60 273 .28

a5 389.06 281.65

26 393.95 290.38

27 398.00 293.896
AGEC

Midvale UT 8/n5206

FAILURE SURFACE #10 SPECIFIED

SAFETY FACTOR = 1.943

X-CENTER = 274.23

Y-CENTER = 360.47

RADIUS = 147.861

POINT X-SURF Y-SURF

NO.

1 191.84 238.00
2 200.32 232.70
3 209.14 227.9%
4 218.26 223.88
5 227.6&6  220.41
€ 237.23 217.58
7 24€ .59 215.40

g 255.87  213.89
§  266.84 213.05
10 276.83  212.89
11 286.82  213.40
12 296.75  214.59

13 306.58 216.45
14 316 .25 218.37
15 325.74 222.14

BY 27 COORDINATE POINTS

ALPHA
(DEG)

-33.31
-29.38
-25.47
-21.55
-17.63
-13.71

-9.79

-5.87
1.9%
1.97
5.89
3.81
13.73
17.65
21.57
25.49
29.41
33.23
37.25
41.17
45.09
49.01
52.93
56.85
60.77
§4.63

BY 27 COORDINATE POINTS

ALPHA
{DEG)

-31.89
-28.11
-24.22
-20.34
-15.46
-12.58

-8.70

.53
.95
.83
10.72
14.60
18 .48
22.36

a2



B

16
17
18
18
20
21
22
23
24
25
26
27

70.

140.

310.

280.

350.

420.

490.

334.98 225.55 26.25
342 .95 230.37 30.13
352.40 235.358 34.01
360.88 240,98 37.8%
358.78 247.12 431 .78
376 .24 253.79 4% .66
383.23 260.94 45.54
389.72 268.5% 53.42
335.68 276 .58 57.21
401.08 284.99 61.19
405.90 293.76 65,07
408.82 300.0¢
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AGEC | >he
Midvale UT 5/n5208
CELL 6/LT/SEISMIC/SOUTH /WASTE +20°

220 URFACES HAVE BEEN GENERATED
10 MOST CRITICAL OF SURFACES GENERATED
MINIMUM FACTOR OF SAFETY = 1.187
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~--SLOPE STABILITY ANALYSIS--
SIMPLIFIED JANBU METHOD OF SLICES
IFREGULAR FAILURE SURFACES
PROBLEM DESCRIPTION CELL &/LT/SEISMIC/SOUTH/WASTE +20°
BOUNDARY COORDINATES

g TOP BOUNDARIES
38 TOTAL BOUNDARIES

BOUNDARY X-LEFT ¥-LEFT X-RIGHT Y-RIGHT SOIL TYPE
NO. BELOW BND
1 .00 238.00 211.50 238.60 5
Z 211.50 238.00 217.50 240.00 3
3 217.50 240.00 237.50 240.00 3
4 237.50 240.00 310.00 269.00 3
5 310.00 269.00 320,20 269.00 3
6 320.20 265.00 379.40 298.60 1
7 379.40 298,60 381.40 298.60 1
8 381.40 298.60 384.40 297.60 i
s 384.40 297.60 560.00 315.16 1
10 320.20 269.00 324.7 269.00 3
11 324,70 269.00 377.10 295.20 2
12 377.10 295.20 382.00 295,30 2
13 382.60 295.30 560.00 313.16 4
14 323.90 266.70 324.70 269.00 2
158 324.70 269.00 328.10 268,50 2
15 328,10 268.50 332.70 267.00 2
17 332.70 267.00 339.00 267.00 1
18 335.00 267.00 382.00 295.30 4
19 339.00 267.00 385.80 251,40 1
20 385.80 251.40 560.00 251.40 1
21 332.70 267.00 391.50 247.40 2
22 391.50 247.40 560.00 247.40 2
23 323,90 266 .70 351.10 244 .30 3
24 391.10 244.30 560.00 244.30 3
25 211,50 238.00 560.00 238,00 5
26 .00 236.00 560.00 236 .00 3
27 .00 234.0D 560.00 234.00 7
28 .00 230.00 560.00 23C.00 8
29 .00 224.00 560.00 224.00 9
30 .00 220.00 560.00 220.00 10
31 .00 211.00 560.00 211.00 11
32 . a0 190.00 563.00 19¢.00 12
33 ) 187.00 560.00 187.00 13
34 .00 178.00 560.00 178,00 14
a5 .00 175.00 560.060 175.00 15
35 .09 172.00 S60.00 172.00 16
37 .02 168.00 560.00 168.00 17
3 .00 157.00 560.00 157.00 18

ISOTROPIC SOIL PARAMETERS
13 TYBE(S}) OF SOIL

501IL TOTAL SATUURATED COHESION FRICTION PORE PRESSURE PIEZOMETRIC
TYPE UNIT WT. UNIT WT. INTERCEPT ANGLE PRESSURE CONSTANT SURFACE
KO. (DEG) PARAMETER NO.

1 120.0 120.0 100.0 28.0 .00 .0 1



2 i116.0 110.0 276.0 28.0 .00 .0
3 130.0 130.0 400.0 32.0 .00 .0
4 120.0 120.0 100.0 25.0 .Q0 .Q
5 130.0 136.0 200.0 30.0 .00 .0
6 139.0 120.0 200.0 30.0 .00 .0
7 110.0 110.0 200.0 30.0 .C0 0
8 110.0 110.0 206.0 27.0 .00 .0
9 110.0 110.¢ 200.0 30.0 .00 .0
10 110.0 110.90 200.0 27.0 .00 .0
11 110.0 110.0 200.0 30.0 .00 .0
12 110.0 116.0 200.0 27.0 .00 L0
13 1190.0 110.0 200.0 30.0 .00 .0
14 110.0 110.0 200.0 27.0 .00 .0
15 110.0 110.0 200.0 30.0 Q0 .0
1s 110.0 110.0 200.0 27.0 .00 .0
17 110.0 110.0 200.0 30.0 .00 .0
18 110.0 1l10.0 200.0 27.0 .00 ]

1 PIEZOMETRIC 3URFACE(S8) HAVE BEEN SPECIFIED

UNITWBIGHT OF WATER = 62.40

PIE2OMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS

POINT X-WATER Y-WATER
NO.
1 .00 234.00
2 565.00 234.00

A HORIZONTAL EARTHQUAKE LOADING COEFFICIENT
OF .180 HAS BEEN ASBIGNED

A VERTICAL EARTHQUAKE LOADING COEFFICIENT
OF .000 HAS BREEN ASSIGNED

CAVITATICN PRESSURE = .G

A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED.

2500 TRIAL SURFACES HAVE BEEN GENERATED.

50 SURFACES INITIATE FRCM EACH OF 50 POINTS EQUALLY SPACED

ALONG THE GROUND SURFACE BETWEEN X = 100.00
AND X = 200.00

EACH SURFACE TERMINATES BETWEEN X 330.00
AND- X = 450.00

UNLESS PURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACZ EXTENDS IS Y =150.00

L e e R L ol N~ S G S Ui S



10.00 PFT. LINE SEGMENTS DEFINE EACHE TRIAL FAILURE SURFACE.

FOLLOWING ARE DISPLAYED TEE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL
FIRST.

SAFETY FACTCORE ARE CALCULATED BY THE MODIFIEL BISHOP METHOD.
FAILURE SURFACE # 1 SPECIFIED BY 33 COCRDINATE POINTS

SAFETY FACTOR = 1.187

X-CENTER = 254.08

Y-CENTER = 4323.35
RADIUS = 221.82
BOINT X-8URF Y- 3URFEF ALPHA
NO. {DEG)
1 148.98 238.00 -26.993
2 157.88 233.46 -24.42
3 167.00 229.33 -21.82
4 176.29 225.81 -19.24
5 185.72 222.32 ~16.66
] 185.30 215.45 -14.07
7 205.00 217.02 -11.49
8 214.80 215.03 -8.91
E] 224 .68 213.48 -6.32
10 234.62 212.38 -3.74
11 244.50 211.73 -1.16
12 254 .60 211.52 1.43
13 264.59 211.77 4.01
14 274 .57 212.47 6.59
15 284.50 213.62 9.17
16 254 .38 215.21 11.78
17 304.17 217.25 14.34
13 313.85 219.73 16.92
13 323 .42 222.64 15.51
20 332.85 225.98 22.09
21 342.11 229.74 24.67
22 351.20 233.91 27.26
23 350.09 238.49 29.84
24 368.76 243 .47 32.42
25 377.21 248.83 35.01
26 385 .40 354.5%7 37.59
27 353,32 260.67 40.17
28 430.96 267.12 42.75%
29 408.3¢ 273.91 45.34
30 415.33 281.02 47.92
31 422.04 288B.44 50.50
32 428.40 295.16 53.0%
33 433.14 102.47
SLICE X 2.4 oy DD Dy DN Dsr
NO.
1 150.54 2.53 510.54 .00 .00 1264.12 1357.23
2 154.87 3.93 1462.34 .00 .00 2728.62 2069.44
3 157.36 1.06 559.5% .00 13.90 $43.40 658.54



4 161.
5 166,
6 171.
7 178
8 183.
g 189.

10 134

11 200.

12 208

13 213

14 216.

15 221.

16 229.

17 236.

18 241.

19 245.

20 259.

21 269.

22 279

23 289.

24 299.

25 347.

26 311.

27 314.

28 317.

29 az1.

30 323,

31 324.

32 325.

33 327.

14 330

35 332.

g 335,

37 340.

kY 342.

39 346.

40 351,

41 353

a2 357.

43 359.

44 3E4.

45 372,

46 377.

47 377

18 378

49 373.

50 380.

51 3e1.

52 382

53 383.

54 384 .

55 389

56 397.

57 404

58 411.

59 418,

60 425.

61 429

62 432

71
26

64

.59

31
60

.29

15

.28
.18

is
0g
65
08
05
60
60
58

.bae

44
27
08
93
32
47
81
68
30
8
68

<40

77
92
56
40
94
28

.31

13
6%
43
93
15

.25
.35

92
52
70

.23

43
o0

.38

i4

.63

82
68
22

.94
.31

FAILURE SURFACE

SAFETY PACTOR

X-CENTER =
Y-CENTER =
RADIVS =

n

254 .44
438.39
225.45

.63
.48
.28
.82
.82
.75
.83
.70
.50
.30
.70
.18
.94
.88
.10
.00
.00
.88
.93
.87
78
.83
.B5
.89
.45

s
wU’l\ORDIOKOOO\I&J\D\JPJWD\LDP\IA#KDHQ

[

o

.48
.80

.B4
4.60
.15
6.15
3.11
.57

.17
3.84
3.88

.86

12
.10
.10

4N

.97
.60
.46
.94
.00
.92
.64
34
.03
.70
.36
.08
.66

WA e

1.189

5719.
1442.
1130s8.
.09

6984

Bl58.
14816.

3795.
21670.
.90
.87
.73
.78

15855
8657
7584

21224

305350.
.06

9065

23920.
.04
.34

38496
13663

48230,
52181,
55431.
58021.
35810.
23731,

5422.
32608,
.60
.81

12104
2853

4772
.13

15265

5013.
.53

27508

88%.
.73
.26
.75
.09
.49

37202
18960
3463
52384
1030

23969,
.10
.27

23877
5875

523516.
435030,

§10.
.84

560

12097.
5902.
5479.
3348.
2550.

10401.

.41

.66

5194
38490

32075.
25650,
19238.
13106.

7160.

1459.
13

203

¥ 2 SPECIFIED BY

40
28
52

42
54
2¢
18

80

55

04
8S
88
23
71
79
91
75

639

75

09

77

63
68
82

46
[+13
67
42
42
1

75
14
50
59
30
27

.00
.00
.00
.00
.00
-00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.Go
.00
.00
.0¢
.00
.00
.00
.00
.00
.00
.00
.0a

.00
.00
.00
.00
.00
.00
.00
.00
.00
. G0
.00
.60
.00
.00
.0¢
.00
.00
.G0
.00
.00
.00
.GC
.00
.00
.00
-00
.00
.00
.00

1186

438.
4073,
.94

2807

3453.
6473,
47
9836 .
.0

17¢C4

7298

3518.
3268.
9053,
13148,
3909,
2785.
13962,
13947.
13651 .
48
12218.
11086,
6012.
3665.
.68

13075

521

4685.
24590,
357.
585.
.33

1772

547.
.57

78.
2805.
.76

2706

1025

160.
1195,
.50
.00
.00
.00
.00
.00
.00
.0C
.0c
.G
.o
.G0o
.00
.00
.QC
.00
.00
.00
.00
.00
.00
.00
. G0

.31

58
a8z

73
52

69

89
48
10
28
49
98
03
45
71

83
59
59

i

23
07
09
17

12

62
98

70
30

33 COORDINATE POINTS

7358.
1576.
10504,

5736

£605.
10992,
270¢.
.46

14484

9979.
5511,
4804,
13532.
13706.
5357.
14675.
24790.
29373,
335¢68.
.70
.11

37384
40828

43905,
27655.
.40

18606

4244.
28358,
15075.

2257,

3778.
.48

12164

4096.
22822.
742.
31417.
.51

16357

3003,
48548,
913.
21258,
.15

21178

s052.
45018.
41947,
522.
479 .
10932.
.49

5332

5039.
3078.
.88

2344

9849.
4917.
36799.
3093¢.
25055.
19036.
12978.
€932.
12127,
L11

18

.26

40
07
63
19
88
16

7
a3
04
8l
18
01
a0
88
75
90

32
939

63
35
85
63
82

05
00
39

44

44
93
54
51

02
43
81
23
86
30

38
85

32
19
0s
21
40
31
53
29
25

4390 .

949.
§236.
.52
.28

3284
£074

6708.
1481.
7801,
.15

5400

2933.
2521.
7032,
8713,
.22
7497,
.66
14291,
16092,
.80
i2207.
20%528.
12884.
8655.
.68
13291,
7899.
1183.
1979.
§373.
1207.
10617.

345.
14502,
.56
1396.
23731,

475 .
11074
.63

2785

12324

17723

1978

7586

11033

3022.
.63

27064

25406.
317.
.50

292

5478.
2674.
2356.
1440.
.76

1087

4067.
2033.
15296
.86
L0683,
82193.5
5540.
3565.
910.
.86

13014

240

07
53
o8

35
26
25

37
84
86
17

33

58
10

68
39
07
a5

23
a0
43
73
57
22
11
0o
63

57
51
87
17

43

23
06

€3
50
69
69

34
50
42

75
14

24
74



POINT
NO.

W NI O N e Gy B0 e

o

10
11
1z
13
1z
13
15
17
13
13
20
21
22
23
24
25
26
27
238
23
30
31
32
a3

X-SURF Y -SURF

148.98 238.00

157.93 233 .54
187.07 225.48
17€.38 225.83
185.84 222.59
185.43 212.77
205.14 217.38
214,55 215.42
224 .83 213.89
234.77 212.80
244.75 212.15
254.7% 211.85
254.75 212.18
274 .72 212 .86
2B4 .65 213.37
294 .54 215.52
304 .34 217.51
314 .04 21%.83
323.63 222.77
333.08 226.04
342.38 228.72
351.5. 233.30
360.45 238.29
362.18 243 .16
377.68 2485.42
385.9% 254.05
393.95 260.03
401.70 266 .37
4089.15 273.04
416.390 280.03
423 .14 287.33
42%.64 294.%82
435.76 302.74

ALPHA
{DEG)

-26.
.96

-23

-21.
-18.
-16,
.84

-13

-11.
.78
-6,
~3.
-1
.34
.87
.40

8.
it.
14.
1s.
.06

-8

19

21,
24.
26.
29.
31.
34.
36.
39.
41,
44.
46.
49.
51.

PAILURE SURFACE # 3 SPECIFIED BY

SAFETY FACTOR

X-CENTER
Y¥-CENTER
RADIUS =

POINT
NO.

PN I A N P

= 1.189
- 257.99
= 420.67
203.65
X~SURF Y -SURF

157.14 238.00
166.0% 233.38
175.09 225.18
184.36 225.43
193.80 222.13

203.38 219.28
213.10 216.30
222.91 214.98
232.81 213 .54
242.76 212.57
252.75 21z.08
262 .75 212.07
272.74 212 .54

282.69 213 .48
2%2.53 214 .90
392.41 216.80
312.13  218.16
321.72 221.98%
331.1s 225.27
340.44 229.00

49

43
90
37

31

25
72
1is

93
[13)
00
53

59
12
65
13
71
24
77
30
83
36
89
42
95

32

ALPHA
{DEG}

~27.
-24.
-22.
-19.
-16.
.80

-13

-11.
~8.
-5.
-2.

.08

.68

.43

.17

10.

13.

16.

18.

21.

24,

[V VI

@«

53
78
04
29
54

05
30
56
81

s2
67
41
16
91
65

COORDINATE POINTS



21 349.53 233.17 27.
22 358.41 237.77 30.
23 367.06 242.79 32.
24 375.45 248.22 35
25 383.5 254 .05 38.
28 3581.42 260.26 41.

7 398.85 266.84 43.
23 306.16 273.77 46,
29 413.03 281.04 9.
30 4189.54 Z88.63 52.
31 425.68 296.52 54.
32 429.62 302.12

FAILURE SURFACE # 4 SPECIFIED BY

40
14
89

.64

38
13
es
62
37
11
a5

35 COORDINATE POINTS

SAFETY FACTOR = 1.130
X-CENTER = 258,29
Y-CENTER = 455.00
RADIUS = 243.90
POINT X-SURF ¥-SURF ALPHA
NO. {DEG)
1 146.94 238.00 -25.99
2 155.93 233.62 -23.64
3 165.09 229.61 -21.29
4 174.41 225.98 -1B.94
5 183.86 222.73 -16.53
5 193.45 219.88 -14.24
7 203.14 217.42 -11.89
g 212.93 215.35 -9.54
3 222.79 213.70 -7.19
10 232,71 212.44 -4.85
11 24%.67 211.60 -2.50
12 252.66 211.16 -.15
13 262.66 211.14 2.20
14 272.66 211.52 4.55
15 282.53 312.32 6.50
16 292.55 213.52 9.25
17 302.42 215.13 11.560
18 312.22 217.14 13.95
19 321.92 219.55 16.30
20 331.52 222.35 18.65
1 341.00 225.55 21.00
22 150.33 229,13 23.35
23 359,51 233.10 25.70
24 368.52 237.43 28.05
25 377.35 242.14 30.40
26 385.98 247.20 32.74
27 394.39 252.60 35.09
28 402.57 258.35 37.44
29 410.51 264.43 39.79
30 418.19 270.83 42.14
31 425.61 277.54 44.49
32 432.74 284 .55 46.84
33 429.58 291.85 49,19
34 446.12 299.41 51.54

35 449.88 304.15

FAILURE SURFACE # 5 SPECIFIED BY

SAFETY FACTOR = 1.1%0
X-CEHTEBR = 246.90
Y-CENTER = 459.81

35 COORDINATE POTNTS



RADIUS =

POINT
NO.

@ 3¢ W

P R T Tl B T T e
WNHOWRIO U bW RO

13
25
26
27
28
29

31
32
33
34
35

248.58
X-SURF Y-SURF
134.69 233.00
143.71 233.87
152.85 229.70
162.22 226.10
171.69 222.89
181.28 220.08
190.37 217.61
200.76 215.55
210.62 213.90
220.54 212.64
230.50 211.78
240.49 211.32
250.49 211.26
260.43  211.51
270.45 212.35
280.389 213.50
290.27 215.05
300.08 215.99
103.81 219.33
319.43 222.05
328.93 225.16
338.30 228.65
347.53 232.51
356.59 236.74
365.47 241,34
374.16 246.28
382.65 251.57
390.91 257.20
398.95 263.16
406.73 269.43
474 .26 276.01
421.52 282.89
428.49 296.06
435.17 297.50
435.84 303.14

FAILURE SURFACE

SAFRETY FACTOR =

X-CENTER
Y-CENTER
RADIUS =

POINT
¥NO.

o
HOWVUEAaO U e W

[T
(S0 Ve ¥ |

1.190
= 248.03
= 458.12

246 .65

X~ SURF Y-SURF
136.74 238.00
145.75 233.67
154.92 225.71
164.27 226.12
173.74 222.92
183.33 220.10
183.03 217.67
252.83 215.64¢
2i2.69 214.01
222.62 212.78
232.58 211.95
242.57 211.52
252.57 211.51
262.56 211.83
272.53 212.68

ALPHA
(DEG}

- 28
-23
-21

-18.
~16.
-14.
, 85
.55
.24
.93
.63
.32
.98
.28
.59
.80
.20
.51
.81
.12
.42
.73
.03
.34
.64
.95
.25
.56
.86
.17
&7
.78
.08
L33

fwy
[

1 I ] H
(SR SRy

el
DU B ey

L8
<

ok NN
AT-REES BRT 3 83

W
[

LN %
wn W

L
<

# 6 SPECIFIED BY

.68
.38
.07

77
46
18

35

ALPHA
{DEG)

~25.
-23.
-21.
~18.
.37

-16

-14.
-11.
-3.
-7,
-4 .
-2,
.11
.22
.54
.86

AN S

66
34
133
69

04
12
49
08
75
43

COORDINATE POINTS



1s
17
is8
19
20
21
22
23
24 .
23
2¢
a7
283
29
30
31
32
33
34
is

282.
252.
302.
.84
.45

311
321

330.
340,
3489,
358.
367.
376.
384.
392,
400G.
408.
415.
423.
429.
436.
439.

46
33
13

a3
28
48
51
38
01
4E
67
€4
37
84
03
93
53

85

FAILURE SURFACE

SAFETY FACTCR = 1.190
X-CERNTER = 252.46
Y-CENTER w 447.78
RADIUS = 235.75
POINT X-SURF Y-SURF
NO.
1 144.50 238.00
2 153.8S 233.63
3 163.085 229.64
4 172.39 226.04
5 .181.87 222.85%
6 191.47 220.06
7 201.18 217.68
8 210.99 215.71
9 220.87 214 .18
10 230.80 213.03
1 240.78 212.32
12 250.77 212.04
13 260.77 312.18
14 270.76 212.74
15 280.71 213.73
16 290.61 215.%4
17 300.44 216.37
18 310.18 219.21
19 319.83 221.886
20 129.35 224.92
21 338.73 228.38
22 347.96 232.24
23 357.01 236.48
24 2E5.88 2431.13%
25 374.54 246.10
26 382.98 251.46
27 391.15 257.17
28 359,15 263.23
29 406.84 269.62
30 414 .26 276.32
31 421.39 283.34
32 428.21 290.65
33 434.71 293.25
34 438.45 303.01

213

219

222.
.81
229,
.29
237.
.25

225

233

242

247.
.62

252

258.
.38
.63
.35
.30

264
270
277
284

291.
2869,
303.

.68
215.
217.
.86

48

47

64

EX

58

25

32

54
05

1s

11.51
13.83
16.16
18.48
20.80
23.12
25.45
27.717
35.09
32.42
34.74
37.06
39.39
41.71
44.03
46.36
48.68
51.00

¥ 7 SPRCIFIED BY 34

RLPHA
(DEG}

-25.93
-23.50
-21.07
-18.64
-16.21
-13.78
-11.35
-8.92
-§.49
-4.06
-1.63
.81
3.24
5.67
8.10
10.53
12.96
15.3%
17.82
20.25
22.68
25.11
27.54
29.97
32.40
34,83
37.26
319,70
42.13
44.56
46.99
43 .42
51.85

COCRDINATE POINTS



FAILURE SURFACE # 8 SPECIFIED BY 36 COORDINATE POINTE

SAFETY FACTOR

X-CENTER
¥-CENTER
RADIUS =

POINT
NO.

QW AU B W Ry

= 1.181
= 250.82
= 467.08

255.21

X-SURF Y~-SURF
126.74 238.00
145.77 233.72
154.97 229.73
164.31 226.23
173.79 223.03
183.38 220.21
1%3.08 217.76
202.86 215.70
212.72 214.02
222.64 212.72
232.59 211.81
242.58 211.20
252.58 211.17
262.58 211 .44
272.8¢ 212.08%
282.50 223.13
£92.40 214.57
302.23 216.38
311.99 218.58
321.65 221.16
331.20 224.12
340.63 227.44
349.353 231.14
359.07 235.18
368.04 239.59
376.84 244 .35
385.45 249 .44
393.85 254,87
402.03 260.62
409.98 266 .68
417.69 273.05
425,14 279.72
432.33 286.68
435.24 293.20
445.86 301.40
447.94 303.85

FAILURE SURFACE

SAFETY FACTOR =

X~-CENTER
Y-CENTER
RADIUS =

POINT
NO.

st W

1.192
= 255.91
= 398.48

187.38

X-SURF  Y-SURF
155.18  238.00
167.88  233.07
176.63  228.61
186.01  224.63
195.38  221.15
204.53  218.17
214.62  215.71

ALPHA
(DEG)

-35.
.12
-20.
~-18.
-16.
.18
-1,

-9.

-7.
.20
.56

-23

-14

35

88
64
40

92
&8
44

-, 72

U W

12

23

26.
28.
10,
32.
35,
7.
9.
41,
.06

.30

53

7

44
46

48.

58

# 9 SPECIFIED BY

.51
.75
.99
.23
10.
12.
14,
17.
.43
21.
.90

47
71
95
13

67

14
38
62
86
10
34
58
82

31

ALPHA
(DEG)

-29,
-26.
.43
~-20.
-17.
.26

~23

-i4

-11.

55
43

38
32

20

COORDINATE POINTS



a

3
10
1L
12
13
14
15
16
17
i8
15
20
21

"
s

23
24
25
26
27
28
23
30
31

224.43 213.77 -8.14
234.33 212.35 ~5.0%
244.29 211.46 -2.03
254 .28 211,11 1.03
264.28 211.29 4.09
274.26 212.00 7.15
284.18 213.25 10.21
294.02 215.02 13,26
303.75 217.31 16.32
313.35 220.12 19.38
322.78 223 .44 22.44
332.03 227.26 25.50
341.05 231 .56 28.56
349.84 236.34 31.61
358.35% 241.59 34.67
366.58 247.27 37.73
374.49 253.39 40.79
382.06 259.93 43.85
389.27 266.85 46.90
396.10 274 .16 49.95
402.5¢ 281.81 53.02
408.55 289.80 56.08
414.13 296.10 59.14
415.70 300.73

FAILURE SURFACE

#10 SPECIFIED BY

SAFETY FACTOR = 1.191
X-CENTER = 257.73
Y-CENTER = 400.66
RADIUS = 189.13
POINT ¥-SURF Y- SURF
NO.
1 161.23 238.00
2 169.96 233.13
3.  178.93 228.72
4 186.13 224.80
5 187.52 221.3
6 207.03 218.43
7 216.79 216.01
8 226.60 214.10
9 236.51 212.72
10 246.47 211.86
11 256.47 211.53
12 266.46 211.73
13 276 .44 212.45
14 286.36 213.7
15 296.20 215.48
16 305.93 217.77
17 315.53 220.58
18 324.97 223.88
19 334.22 227.68
20 343.26 231.387
21 352.05 236.72
22 360.58 241.94
23 368.83 247 .60
24 376.76 253.68
25 384.37 260.18
a6 391.61 267.07
27 3198.49 274.33
28 404.97 281.95
29 411.04 289.90
10 416.68 298.15
31 418.41 301.00

ALPHA
(DEG)

-29.
-26.
-23.
-20.
-17.
.02

-14

-0,
-7,
-4.
-1,

1

-
-~

22

28

34

43
46

49.
52.
55.
58.

17
14
13
08
0%

99
96
93
20

.13
4,
7.

10.

.25

ig.

1§.

16
19
22

28
31

.34
25.

37

.40
31.
.46
37,
4G.
.55
.58

43

48
52

61
64
67
70

COORDINATE PQINTS
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AGEC : BTG
Midvale UT s/n5206
CELL 8/LT/STATIC/POND /WASTE +20

Z2O0BURFACES HAVE BEEN GENERATEﬁ
10 MOST CRITICAL OF SURFACES GENERATED
MINIMUM FACTOR OF SAFETY = 1.933

Y—AXIS

T l ] 7
0. 70. 1440. 210. 280. S50, 420, 430, 9640.



FROBLEM DESCRIPTION

BOUNDARY COORDINATES

13 T0P

- ~SLOPE STABILITY
SIMPLIFIED JANBU METHOD OF SLICES

ANALYSIS- -

IRREGULAR FAILURE SURFACES

CELL 6/LT/STATIC/POND/WASTE +20’

BOUNDARIES

42 TOTAL BOUNDARIES

BOUNDARY X-LEFT
ek o

1 .00
2 145.25
3 151.50
4 156.50
5 161.50
6 211.50
7 217.50
8 237.350
9 31C.00
10 320.20
11 37%.40
12 381.40
13 384 .40
14 320.20
is 324.76
16 377.10
17 382.00
18 323.90
19 324.70
20 328.10
21 332.70
22 335.00
23 339.00
24 385.80
25 332.70
24 351.50
27 323.9%0
28 3%1.1G
29 211.50
30 .00
31 .00
32 .00
33 .00
34 .00
35 .00
3s .00
37 .00
38 .00
39 .00
40 .00
41 .80
42 .06

Y-LEFT

231

234

236.
238.
.00

238

240.
240.
262,
259.
.60

238

298.
.60

297

269.
268,
295.
.30

295

266,
259.
.50

268

267.
287.
267.
251,
287,
.40

247

266.
244.
238.
238,
.00

234

230.
.00
.00

224
220

21.1.
190.
187.
178.
175.
.00
.00
.00

172
168
157

ISOTROPIC SOIL PARAMETERS

18 TYPE(S) OF S0IL

.EQ
231.
.00

0

Qo
00

9]
00
00
co

a0

Q0
co
20

70
00

co
00
co
40
53¢

70
30
Qo
0o

00

co
¢o
co
co
00

X-RIGHT

145,
1s1.
156.
1sl.
211,
217.
237.
310.
320,
373.
381.
384.
.00

580

324.
377.
382.
.00
.70
.10
.70
339.
382.
385.
560.
391.
560.
381.
560.
560.
560.
.00
.00

560
324
328
3332

560
560

560.
560.
560.
560.
560.
.ho
560.
560.
560.
.00

560

560

25
50
50
50
50
50
50
0o
20
40
40
40

70
10
00

00
[
80
co
50
o0
10
00
00
00

0o
je24]
00
0o
00

00
00
11¢]

Y-RIGHT

231.
234.
236,
238.
238.
240.
240.
269.
269.
298.
258,
297.
315.
269.
295.
285,
.16
269.
268.
267.
267,
295.
251,
251.
247.
247,
.30
244.
238,
236.
.00

313

244

234

230.
224,
.00

220

211.
.00

130

187.
178.
175.
.0C

i72

168.
157.

50
a0
[41¢]
00
00
[24)
00
00
00
&0
€0
60
16
00
20
30

00
50
(119]
00
30
40
490
40
40

30
00
00

g0
00

00
00
00
00

Q¢
00

SOIL TYPE

BELOW
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SOIL TOTAL SATURATED COHESION FRICTION PORE PRESSURE
TYPE UNIT WT. UNIT WT. INTERCEPT ANGLE PRESSURE CONSTANT

NG. {DEG) PARAMETER
1 120.0 120.9 100.0 28.0 .00 .0
2 110.0 110.0 270.0 28.0 .00 .0
3 136.0 13¢.0 400.0 32.0 .60 .0
4 120.0 120.0 100.0 25.0 .00 .0
5 136.0 136.0 266.0 30.0 .00 0
€ 120.0 12%.0 200.0 0.0 .00 .0
7 11¢.0 110.0 Z00.0 30.0 .00 .0
8 110.0 110.0 200.0 27.0 .00 .0
9 110.0 110.0 200.0 30.0 .00 .0

10 110.0 110.0 200.0 27.0 .00 .0
11 110.0 110.0 200.0 30.0 .00 .0
12771100 T TSI 200,07 27077 TTT00 0
13 120.90 110.90 200.¢ 30.0 .00 .0
14 110.0 110.0 200.0 27.0 .00 .0
15 110.90 110.0 20C.9 30.0 .00 .0
16 110.9 110.0 200.0 27.0 .00 .0
17 110.0 110.0 200.0 30.0 .00 .0
18 110.0 1:0.0 200.0 27.0 .00 .0

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

UNITWEIGHT OF WATER = 62.40

PIEZOMETRIC SURFACE NO. 1 SPECIPIED BY 2 COORDINATE PQOINTS

POINT X-WATER Y-WATER
NO.
1 .00 234.00
2 560.00 234.00

A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM
TECHNIQUE FOR GENERATING CTRCULAR SURFACES, HAS BEEN SPECIFIED.

2500 TRIAL SURFACES HAVE BEEN GENERATED.

50 SURFACES INITIATE FROM EACH OF 5C POINTS EQUALLY SPACED

ALONG THE GROUND SURFACE RBETWEEN X 100.00
AND X 200.00

~BEACH SURFACE TERMINATES BETWEEN X = 330.00

AND X 450.00

#

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE BEXTENDS IS Y = .00

10.00 FI. LINE SEGMENTS DEFINE FACH TRIAL FAILURE SURFACE.

PIEZOMETRIC
SURFACE
NO.

Ll e e e S I I o S T SR SR



FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED. THEY RRE ORDERED - MOST CRITICAL
FIRST.

SAFETY FACTCRS ARE CALCULATED BY THE MODIFIED BISHOP METHOD.

FAILURE SURFACE # 1 ZSPECIFIED BY 28 COORDINATE POINTS

SAFETY FACTOR = 1.933
X-CENTER = 266.12
__ Y-CENTER = 378.89
RADIVS = T 1%5.3477 Bt
POINT X-SURF Y- SURF ALPHA
NO. (DEG)
1 179,59 238.00 -2%.82
2 188.27 233.03 -26.3%
3 197.23 228.59 -22.89
4 206.44 224.7 -19.42
5 215.87 221.37 -15.96
6 225.43 218 .62 -12.49
7 235.25 216.46 -9.03
8 245.13 214.89 -5.56
9 255.08 213.92 -2.10
10 265.07 213,56 1.37
11 275.97 213.79 4.84
12 285.03 214.64 8.30
13 294.93 216.08 11.77
14 304.72 218.12 15.23
15 314.37 220.75 18.70
16 223.84 223.95 22.17
17 333.10 227.73 25.63
18 342.12 232.05 29.10
19 350.35 236.92 32.56
20 355.28 242.30 36,03
21 367.37 248.18 39.50
22 375.09 254.54 42.96
23 382.40 261.35 46.43
24 385.30 26B.60 49.89
25 395.74 276.25 53,36
26 401.71 284 .27 56.82
27 407.18 292.64 60.29
28 411.58 300.32
SLICE X BX Dw jle) DU
NO.
1 161.134 3.49 453.58 .00 .00 918.
2 184.83 3.49 1325.83 .00 .06 2131.
3 187.42 1.70 939 .68 .00 59,41 1375,
4 191.32 6.11  4725.61 .06  1057.88  535B.
5 195.80 2.85 2901.73 .00 934.4% 2837,
6 201.83 9.21 12062.21 .00 4591.12 10058.
7 207.43 1.98  3089,10 .00  1263.2 2302,
8 209.986 3.08 5113.38 .00 2148.19  3791.
9 213.69 4.37  8302.25 L00  3429.94  5194.
10 216.6% 1.63  3483.29 .00 13158.00  2530.
11 219.98 3.17 7131.17 .00  2786.38  5189.
i 223.08 4.82 11444.69 .00  4592.40  B067.
i3 230.37 9.76 25055.49 .00 10270.5% 16635.
14 236.37 2.25 6096.46 .00  2519.38  3852.

DN

56
63
18
29
52
316
91
29
86
11
68
34
27
29

690.

1652

613.

2305

1077,

3685
823

1470.
2329.

230.
1884.

2644

5419.
1a2s1.

DSr

3%
.67
13
.62
08
.61
.97
24
72
81
94
.63
06
06



15
16
17
18
19
20
21
22
a3
24
25
26
27
28
29
e
31
32
33
34
35
36
37
38
33
30
41
4z
43
44
45
46
47
48
43
50
51
52
53
54
55
56
57

FAILURE SURFACE

241.31 7.63
250.10 9.9%
260.08 9.99
270.07 10.00
280.05 9.96
269.98 9.90
299.82 9.79
307.36 5.28
319.82 1.62
312.99 2.75
317.28 5.83
322.02 3.64
323.87 .06
323.92 .05
324.32 .75
1 326.40° 3.40
330.40 4.60
332.90 .40
335.47 4.74
338.42 1.16
340.56 3.12
343.86 3.50
347.41 3.59
350.03 1.65
351,70 1.70
355.92 6.73
363.33 8.09
369.11 3.48
372.25 2.79
374.36 1.44
375.26 .34
376.26 1.67
378.25 2.30
380.40 2.00
381.70 .60
382.20 .40
383.40 2.00
386.85 4.90
392.52 6.44
398.72 5.97
404.44 5.47
408.75% 3.14
410.94 1.24

SRAFETY FACTOR = 1.935
X-CENTER = 264.32
Y¥-CENTER = 371.%1
RADIUS = 158.13
POINT X-SURF Y-SURF
NC.
1 179.58 238.00
2 188.20 232.91
3 187.11 228.38
4 206.30 224 .41
5 215.71 221.04
& 225.32 218.27
7 235.08 216.11
8 244.96 214.57
9 254,92 213.68
10 264.92 213.38
11 274,91 213.74
12 284 .86 214 .72

22829,
.91
41599,
.73

35538

46880

51305.
.00
.98

54814
57364

32008,
9857,
.77

16577

34201.
21151.
.32

355

291.
4375,
19791,

26B41

2333,
27671,
6798.
18223.
L1
.59

20463
20953

5558,
.04

$790

38145,
43966.
18117.
14200.
7242,
1596
8259.
11133.
.08

9366

2724,
.39

1302

3508.
18698,
20089.
13443.

7318.

1747.

152.

# 2 SPECIFIED BY

57

24

55

17

0o

43
09

E6
35

a8
.55

22
96
s
17

39

04
20
18
01
40
04
90
26

45

94
a5
24
01
35
70
66

28

ALPHA
(DEG)

-30.
-26.
-23.
-19.
-16.
-12.
.85
-5.
.60
.03
.65
.27

WMo

59
96
34
72
09
47

22

.00
.00
.00
.00
.00
.00
.00
.00
.00
.0
.00
.00
.00
.00
.00

.00
.00
.Q0
.00
.¢0
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.08
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

g "

B915
12226
12643
12682
12345
11€31
140544
5177
1487
2423
4712
2555
41
33
497
2062
2285
171

1683

299.
581.
243.

-62
.88
L 31
.17
.08
+ 54
.68
.98
.49
.09
.48
.24
.03
.63
.73
.23
.00
.35
.40
77
80
04
.00
.00
.00
. Do
.00
.00
.09
.00
.00
N
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

COORDINATE POINIS

14953,
24201.
25304.
33972.
38204.
41996
45346.
25875,

B099.
.12

13574

28403.
.36
.01

17836
303

248,
3786.
‘17296
23920.
2109.
.81

25520

8277,
17020.
.04

19675

20359.

3287.
.82
36642.
42798.
.36

9643

17831

14661.
7585.
1827.
9126.

12299,

.32

.28
1989.
9722,

21330.

23764.

.82

10343
3003

16483

9192.
2075.
54.

31
93
20
40
27
79
49
75
87

21

6
70

66

69
79

€
€7

32
45

08
B7

26
93
18
59
08

43
32
95
23

37
31
70

4740.
7413.
8758.
9988.
11103.
12103,
12986.
7412,
2308.
4348,
9119.
.34

5724

387.
79.
.85
64

1081
4938

£818.
600.
.84

7269

2008.
5430.
£290.
§505.
2968.
.37
13496.¢
.07

3088

16903

£729.
4538.
2183.
.60
2319.
3129.
.28

766.

508.
2494,
.78
G249.
.35

526

2635

5512

1493

2734.
.02
.53

828
144

a3
38
17
55
93
52
38
64
28
76

72

28
92

57
78

23
82
04
82
71

52
34
032
15

75

-
£

84
44
91
48

58



i 294.73 216.33 12,
14 304 .43 218.57 i6.
15 214.07 221.41 20.
1lé 323.45 224 .85 23.
17 332.61 228.68 27.
18 341.48 233.49 3.
19 350.03 238.64 34,
20 358.2 244.32 38
21 366.13 250.52 41.
22 373.58 257.19 45.
23 380.58 264.33 49.
24 387.13 271.89 52.
25 33%3. 279 .85 56.
26 3se. 288.18 60.
27 296 .34 63
58 Csgg g7

FAILURE SURFACE $# 3 SPECIFIED BY

1.83¢

SAFETY FACTOR

X-CENTER = 253 .45

a0
52
15
39

02
64

.27

89
51
14
76
39
01

.63

30 COORDINATE POINTS

Y-CENTER = 388,06
RADIUS = 176.08
POINT X-SURY Y-SURF ALDHA
NO. (DEG)
1 167.35 228.00 -29.92
2 176.02 233.01 -26.66
3 184.5% 228.53 -23.41
4 194.12 224.55 -20.15
5 203.82 221.11 -16.90
5 213.08 218.20 -13.64
7 222.8¢ 215.84 -10.39
8 232.64 214.04 -7.13
9 242.56 212.80 -3.88
10 252 .54 21z.12 -.63
11 262.54 212.01 2.63
12 272.53 212.47 5.88
13 282.47 213.50 9.14
14 292.15 215.08 12.39
15 302.11 217.23 15.65
16 311.74 219.93 i8.90
17 321.21 223.17 22.16
18 330.47 226.94 25.41
19 339.50 231.22 28.66
20 348.27 236.02 31.92
21 356.76 241.31 35,17
22 364.94 247.07 38.43
23 272.77 253.29 41.68
24 380.24 259.94 44.94
25 3§7.32 267.00 48.19
26 353.98 274.45 51.45
27 400,22 283.27 54.70
28 406.00 290.44 57.95
29 411.30 298.31 61.21
30 412.10 300.37

PAILURE SURFACE 4 4 SPECIFIED BY
SAFETY FACTOR = 1.937
X~CENTER = 268.51

¥-CENTER = 376.26
RADIUS = 161.88

28 COORDINATE PQINTS



POINT X-5
NO.

1 185
2 194
3 203
4 z12
5 222
3 231
7 241
B 251
9 261
10 271
11 281
12 Z51
13 301
14 310
is 320
16 323
17 339
18 347
19 356
20 364
21 372
22 380
23 387
24 334
25 400
28 405
27 43
28 412

URF

.7
-41
.40
-64
.10
.74

1.52

.42
.38
.38
.37
.32
.18
.83
.52
.92
.08
.35
.60
.88
.79
.31
.41
.08
.24
.91
.07
.84

FAILURE SURFACE

SAFETY FACTO!

X-CENTER
¥Y-CENTER
RADIUS =

u

PCINT %-8
KC.

1 181.
2 180
3 199.
4 208.
5 217.
6 227
7 236
g 246,
9 256
10 266.
11 276
12 286
13 296.
14 106.
is 316.
is 325.
17 335.
18 344
18 383
2¢ 262.
21 370.
22 378.
23 386.
24 393.

R = 1.937
272.50
382.75

170.51

URF Y-SURF

63 238.00

.25 232.53

16 228.38
31 224 .35
59 220.87
.25 217.94
.96 215.58
80 213,78
.73 212.57
71 211.54
.71 211.29
.69 212.43
63 213.55
48 215.26
22 217.53
81 220.37
22 223.77

.41 227.71

.35 232.18
02 227.16
ag 242.65

41 248.61
07 255 .04
35 261.90

Y-5URp

238
233

228,
.88
.60
.98
.89
218,
.61
.39
214.
215.
.44

224
221
Zl8
216

214
214

217

219.
.50

222

225.
229.
.47

234

239.
245.
29
257.
264 .
.38

251

272

280.
288.
297,
.44

300

.Q0
.07

[3:]

44

79

a1

€7

22
21

g€
17

88
932

25
48

ALPHA
{DEG}

-29.
-26,
-32,
.95

-18

-1s.
.87

~11

-8,
-4.
-1,
.29
.83
.37
.81

12

16.
18.
23.
.07
30.
34,
37.
.23
43,
48.
51.
55,
58.
62,

27

41

# 5 SPRECIFIED BY

57
03
49

41

33
73
25

45
85
53

61
15
69

77
31
85
38
93
a7

29

ALPHA
(DEG)

-30.
-27.
.74

-23

-20.
-17.
.68

-13

-10.
.97
.62
.27
.09
.44
.79
.15
.50
.85
.20
.56
.81
.26
.62
.97
43,
.67

[
w

LS S e
WO W WO W

w W
N W

39

46

44
09

38
03

32

32

COORDINATE POINTS



25
26
27
28
28

40G.
.63

406

412.
418.
.81

423

21

60
08

369.
.a3
.86
.22
.44

274
284
293
3901

17

50.

53
586
GC

FAILURE SURFACE # 6 SPECIFIED RY

SAFPETY FACTCR =

£-CENTER
Y-CENTER
RADIUE =

POINT
NG,

OO U kW N

W DA AR A R NN K R R b e
o&omqmm»uMHommqmmhuMHS\o

1.839
= 257.98
= 387.90

176.23

X-SURP Y~ SURF
165.31 238.00
173.96 232,98
182.88 228.47
192 .04 224 .47
201.42 220.99
216.58 218.05
220.89 215.66
230.582 213.82
240.44 212.54
250.41 211.83
260.41 211.68
270.40 212.10
28C.35 213.909
290.23 3l4.64
300.01 216.75
309.65 219.41
319.12 222.61
328.40 225.35
337.45 230.60
345 .24 235.36
354.75 240.61
362.95 245 .34
370.81 252.52
378.30 259.14
385.41 266.17
392.11 273.60
395.38 281.39
404.20 289.52
405,54 297.98
410.80 300.2

03
.38
.73
.08

ALFHA
{DEG}

-20

FAILURE SURFACE # 7 SPECIFIED BY

SAFETY FRCTOR =

X-CENTER
¥-CENTER
RADIVS =

PGINT
NO.

~N AN e W N

1.333
= 269.34
= 367.76

153.28

X-SURF Y-SURF
187.76 238.00
186.35 232.96
205.34 228.49
214.55 224.61
224 .01 221.34
233.65 218.7¢
243.45 216 .69

ALPHA -

.10
-26.
.60
.35
.03
.84
.59
.34
.09
.84
.42
.67
.92
.17
.42
&7
.93
.18
.43
.68
.93
.19
.44
.63
.94
.19
.44
.70
.95

85

27

{DEG)

-30.
-26,
-22.
-19.

-158
.11
-7

29
55
Bl
07
.33
.53
.88

COORDINATE POINTS

COORDINATE POINTS



10
i1
12
13
14
15
16
17 .
18
19
20
21
22
23
24
25
26
27

253 .
263.
273.
283.
283.
103.
312.
azz2.
331.
340.
149,
357.
165.
373.
180.
i86.
353.
398.
403.
406,

O R W e
VR R N T

LS |
w N

N Nt
N Qo

IR
SIS

QW N
@ &y oW

ooy <l
N O 4

FAILURE SURFACE

SAFETY FACTOR

X-CENTER =

Y-CENTER
RADIUS =

POINT
NO.

@ NS W

SIS RS N ol il ol i I I SR
NP OWUWD IO Wman W O W

[ %]

[ S-S .S IN.N A ¥
0 =) O N d

29
30

215.
214.
214,
215.
216.
218.2
220.
223.
227.
.00
236.
.42
248.
.97
.97
263.
277.
285.
.18

.83

232

242

254
261

294
2989

€5

23

44

43

31
57

# 8 SPECIFIED BY

= 1.941

264.50
= 393.66

186.54

X-SURF ¥-SURF
171.43 233.00
180.23 233.24
189.27 228,97
198.52 225.18
207.97 221.30
217.57 219.12
227.32 215.87
237.18 215.14
247.09 212.94
257.07 213.27
267.07 212.14
277.06 213.54
287.02 214 .48
296.91 215.36
306.71 217.96
316.38 220.48
325,91 233,52
335.26 227.06
344.41 231.10
353.33 235.63
361.99 240.62
370.37 246.07
378.45 251.97
386.20 258.29
393.60 265.01
400.863 272.12
407.27 279.60
413.80 287.43
419.30 295.57
423.04 301.46

.38
.36
.10
.84
.58
.31
.05
.79
.53
.27
.01
40.
.49
.22
.98
.70
.44
.18

75

30 COORDINATE POINIS

ALPHA
(DEC)

-28.
~25.
.25
.18
L1l
.04
.96
.89
.83
.75
.32
.40
.47
.54
.61
.68
.76
.83
.80
.87
.04
W11
.19
.26
.33
.40
.47
.55
57.

-22

-16

FAILURE SURFACE # 5 SPECIFIED BY

SAFETY FACTOR =

1.943

3%
32

62

27 COORDINATE POINTS



X-CENTER = 284,00
Y-CENTER = 357.358
RADIUS = 146.19

POINT X~-5URF ¥ -SURF
NO.

1 173.53 238.00
2 187.95 232.51
3 196 .66 227.60
4 205.639 223 .20
5 214.583 219.63
8 224 .52 216.60
7 234.24 214.23
& 244.08 212.53
9 254 .04 211.51
10 264 .03 212,17
11 274.03 211.51
12 283.97 213.54
13 293.83 234 .24
14 303.54 216 .61
15 313.07 219,65
18 322.37 223.32
17 331.40 227.63
i@ 340.11 232.54
19 348.456 238.03
20 356.42 244 .08
21 363.58 250.67
22 371.01 257.75
23 377.57 265.30
24 383.60 273.28

25 389.06 281.65
26 393.95 2%0.38
27 388.00 298.96

ALPHA
(DEG}

-33

-Z9.
-25.
-21.
-17.

.71

-13

-9.
.87
.85
.97
.89
.81
.73
17.
21.

-1

13

25

i3

37.
41.
45,
49.
52.
.85
60,
64.

56

FAILURE SURFACE #10 SPECIFIED BY

SAFETY FACTOR = 1.943

X-CENTER = 274.23
Y-CENTER = 360.47
RADIUB = 147.61

POINT X~-SURF Y-SURF
NO.

i 191.84 238.00
2 200.32 232.70
3 209.14 227.99
4 218.26 223.89
5 227.64 230,21
6 237.23 217.58
7 246.99 215.40
8 256.87 213.89
9 266.84 213.05
10 276.83 212,89
11 286.82 213.40
12 296.75 214.59
13 306.58 216.45
14 316.25 218.97
15 325.74 222.14

16 334.58 225.95
17 343.95% 230.37
18 352.60 235,39

19 360.83 2¢0.98
20 368.78 247.12
21 376 .2 253.79

.31

39
47
55
€3

79

65
57

.49
29.
.33

41

25
17
08
01
93

77
3]

27

ALFHA
{DEG)

~31.
-28.
-24.
-20.
.46

-18

-12.

-3.
.81
.93
.95
.83
.72
14.
.48
22.
.25

-4

10

4
-~

26

30.
4.
37.
41.
45,

95
11
22
34

58
70

60

36

13
01
83
78
&6

COORDINATE POINTS



X

!

22
23
24

25.

26
27

70.

210.

350.

420.

490.

560.

383.
3838.
395.

401

405.

408

157

.00

.00

00

.00

a0

00

00

00

23 260.34 43.54
72 268.55 53.42
68 276.58 57.31
.08 284.33 61.19
90 283.786 65.07
.82 300.04
A X I s

.0C 227.00 287.00 367.00 437.00 507.00
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CELL 6/LT/SEISMIC/POND /WASTE +20

ZO0MURFACES HAVE BEEN GENERATED
10 MOST CRITICAL OF SURFACES GENERATED
MINIMUM FACTOR OF SAFETY = 1.147
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PROBLEM DESCRIPTION

BOUNDARY COORDINATES

13 TOP

BOUNDARY

NQ.

@ 30 B W

- -SLOPE STABILITY ANALYSIS--
SIMPLIFIED JANBU METHOD OF SLICES
IRREGULAR FAILURE BSURFACES

CELL 6/LT/SEISMIC/POND/WASTE +20'

BOUNDARIES
42 TOTAL BOUNDARIES

X-LEFT

382
323

4.
328.
332.
.00
.00
.80
.70
.50

339
338
385
332
331

323.
351.
211.
.00
.Q0
.00
.60
.06
.00
.00
.00
.00
.00
.00
.00
.00

.00
145.
151.
156.
161.
211.
217.
237.
310.
320.
379,
381L.
384.
320.
324.
377.
.00
.90

25
50

50
50
50
50
00
20
40
40
40
20
790
10

70
10
0

90
10
50

ISOTROPIC SOIL PARAMETERS

18 TYPE(S) OF SOIL

S0IL

TOTAL

Y-LEPT X -RIGHT ¥Y-RIGHT
231.50 145.25 231.50
231.50 151.50 234.00
234.00 156.50 236.0¢
236.00 161.50 238.00
238.00 211.50 238.00
238.00 217.50 240.00
240.00 237.50 240.00
240.00 310.00 269.00
269.00 320.20 269.00
269.00 379.40 298.60
298.60 381.40 298.60
298.60 284 .40 297.60
297.60 560.00 315.16
265.00 324.70 269.00
269.00 377.10 295,20
295.20 382.00 295 .30
295.30 560.00 313.16
266.70 324.70 269.00
269.00 328.10 268.50
268.50 332.70 267.00
267.00 339.00 267.00
267.00 382.00 295.30
267.00 385.80 251.40
251.40 560.00 251.40
267.00 391.50 247.40
247 .40 560.00 247 .40
266.70 391.10 244 .30
244.30 560.00 244.30
238.00 560.00 238.00
236.00 566.00 236.00
234.00 $60.00 234.00
230.00 560.00 230.00
224.00 560.00 224.00
220.00 560.00 220,00
211.60 560.00 211,00
180.060 560.00 190.00
187.00 560.00 187. 00
178.00 560.00 178.00
175.00 560.00 175.00
172.00 560.00 172.00
168.00 560.00 168.00
157.00 560.00 157.00
COHESIOR FRICTION PORE

SATURATED

SOIL TYPE
BELOW BND

2
O\DCD\}U\U‘!L\)UDN}—'Hxb)—‘NNM»MNMHHHHNLJU}(JL’IMU\»J\1

[l i N ey ey
@ ] O ol L] N

FRESSURE

PIEZOMETRIC



TYPE TUNIT WIZ. UNIT WT. INTERCEPT ANGLE PRESSURE CONSTANT

NO . (DEG) PARAMETER
1 120.0 120.¢0 100.0 28.0 .00 .0
2 110.0 1iCc.0 276.0 28.0 .00 .0
3 130.0 13¢.0 400.0 32.0 .00 .0
4 120.0 120.C 160.0 25.0 .00 .0
5 130.0 130.0 200.0 30.0 .00 .0
6 120.0 126.¢C 200.0 30.0 .00 .0
7 l.0.0 1ic.c 200.0 30.0 .00 .0
a 110.0 110.0 200.0 27.0 .00 .0
5 110.0 110.0 200.0 30.0 Lo .0
10 l10.¢ 110.0 200.0 27.0 .00 .0
11 11¢.0 11¢.0 200.0 30.90 .00 .0
12 110.90 1135.0 200.0 27.0 .00 .0
13 110.0 110.0 200.0 30.0 .00 .0
14 110.¢ 110.0 200.0 27.0 .00 .0
15 " 1i0.0 ilo.¢ 200.0 30.0 .00 .0
16 110.0 110.0 200.0 27.0 .00 .0
17 110.0 110.0 200.0 30.0 .00 .0
18 110.0 110.0 200.0 27.0 .00 .0

1 PIBZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

UNITWEIGHT OF WATER = 62.40

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS

POINT X-WATER Y-WATER
NO.
1 .00 234.00
2 560.00 234.00

A HORIZONTAL EARTRQUAKE LOADING COEFFICIENT .
OF .180 HAS BEEN ASSIGNED

A VBRYTICAL EARTHQUAKE LOADING COEFFICIENT
OF .000 HAS BEEN ASSIGWED

CAVITATION PRESSURE = .0

A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BZEN SPECIFIED.

2500 TRIAL SURFACES HAVE BEEN GENERATED.

5¢ SURFACES INITIATE FROM EACH OF 50 POINTS EQUALLY SPACED
ALONG THE GROUND SURFACE BETWEEN X = 100.00
AND X = 200.00

EACH SURFACE TERMINATES BETWEEN X = 330.00
AND X 450.G0

SURFACE
ND.

[l i T e S O T P IV U



UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM BLEVATION

AT WHICR A SURFACE EXTENDS IS Y

10.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.

FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES ZXAMINED.

FIRST.

SAFETY FACTORS

THEY ARE ORDERED

FAILURE SURPACE # 1 SPECIFIED BY 36 COORDINATE POINTS

SAFETY FACTOR = 1.147
X-CENTER = 230.12
Y-<CENTER = 493.91
RADIUS = 282.88
POINT X-SURF Y-SURF
NO.
1 124.49 231.50
2 123.83 227.93
3 143,29 224.69
4 152.86 221.73
5 162.53 219.23
6 172.28 217.01
7 182.10 215.14
8 181.9% 213.62
9 201.92 212.45
10 211.88 211.63
11 221.87 211.16
12 231.87 211.04
13 241.87 211.28
14 251,85 211.87
15 261.83 212.82
16 271.72 214.11
17 281.59 215.75
18 291.39 217.75
19 301.11 220.09
20 310.74 222.77
21 320.28 225.79
2 329.70 229.14
23 338.99 232.83
24 348.15 236.84
25 257.17 241.17
25 366.C2 245.87
27 374.71 250.78
28 383.21 256.04
29 391.52 261.60
30 399.63 267.45
31 407.53 273.58
32 415.21 279.99
33 422.65% 286.67
34 425.86 293.60
35  436.81 300.78
35 438.85% 303.05
SLICE X DX
NO.
1 126.45 3.93

ALPHA
(DEG)

-29.
-13.
-16.
-14.
.81

-12

-10.
-8,
-6,

.71

-4

~ B W

13

17

25

21

43

43.
47.

4C2.

3L
83
a6
B4

79
76
74

.66
.37
.33
.42
.44
.47
11,
.52
15.
.57
19.
21,
23,
R-¥
27.
23.
.75
32,
35.
37.
39.
41,
.50

42

55

60
62
65

70
73

78
80
83
85
88

33
96

DW

33

o)

.00

DU

862.17

- MOST CRITICAL

ARE CALCULATED BY THE MODIFIED BISHOP METHOD.

DN

636.63

Dsr

1083 .45
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FAILURE SURFACE # 2 SPECIFIED BY 35 COCRDINATE PCINTS

SAFETY FACTOR =

X-CENTER
¥Y-CENTER
RADIUS =

POINT
NO.

S~ o 0 oab W R

Wl W RN R RN DK R M e e e
PR T N A S S R R N AL il i 5w

35

Xx-3

124,

123

133.
id8.
138.
i68.
177,
187.
397,
207.
217.
227.
237.
247,
257.
267.
277,

287

756,
306.
315.
325.
134,
343.
152.
361.
369.
317,
385.
393,
401,
408.
416.
€23,
425,

1.3147
223.38
482.16
270.98
URF 7 - SURF
41 231.50
.73 227.87
17 224 .58
73 221.66
40 21.9.08
15 2.6.86
97 215.00
86 213.51
80 212.38
77 211.62
75 231.23
76 2i1.21
75 211.58
73 212.27
&7 2:3.3%
56 214.80
40 2.6.61
.16 218.78
83 221.32
41 224.20
87 227 .44
20 231.03
40 234.96
45 239.22
23 243.81
03 228.73
55 253.97
87 259.52
34 265.37
87 271.53
52 277.95
54 284 .68
10 251.64
00 238.88
50 301.71

FAILURE SURFACE

SAFETY FACTOR

X-CENTER
Y-CENTER
RADIUS =

POINT
NO.

(TR~ R Y N S

X-8

124
133
143

1s2.
162,
172.

182
192

201.

= 1.149
232.56
506.15
255.15
URF ¥ -SURF
.49 231.50
.B6 228.00
.34 224 .81
92 221.93
53 215.42
35 217.21
.17 215.34
.05 213.80
S8 212.59

ALPHA
(DEG)

-21

[ TR

w

10
12
14

18

23
25

27.
29.
31.
33.
.81

35

37.
40,
.16
.27

42
44

46.
48.

# 3 SPECIFIED BY

.28
~18.
-17.
-14,
-12
~10.

-8.

-6

-4,
.28
.13
.98
.10
.21
.33
.44
.55
.87
16.
.80
21.
.13
.24

16
05
93

.82

70
59
48
36

78
[thi
36
47
58
70
93
04

39
S0

37

ALPHA
(DEG)

-24.
~18.
-16.
.68
.74

~14
~-12

-13.

51
57
63

80

-8.86

-8
-4

.92
.98

COORDINATE POINTS



oy

o]

[

oy

bt bl pe
AW A BTSN O

SRS ETEe
b

211

2Z1.
231.
241.
251.

261
271

281.
291,

3ci

310.
320.
330.

339

348.
3257,
366,
375.

384

392.

401

409.
417.

424

432.
439.
146,

447,

.94
32
92
82
91
.28
I
69
53
.29
87
57
111
.44
70
g3
a1
€3
.30
75
.05
20
1l
.81
28
53
54
50

.72
.20
.00
.15
.64
.48
.62
.12
.55
.12
.61

.43

.57
.04
.82
.91
.30
.0¢
.00
.28

x:1

.70

.82

.20

.85

.74

.87

.51

-3
-1

Y = N

-1

12
14

18

31
33

41

43,
45,
47,

FAILURE SURFACE # 4 SPECIFIED BY

SAFETY FACTOR =

¥-~CENTER
Y~CENTER
RADIUS =

PQINT
NO.

LR IR PO R % B o)

| 3

11
12
13
14
15
1s
17
18
20
21
22
23
24
25
13
27

#

X-s

136.

13¢

149.
158.

168
178
138

137.
207.
217.
227,
237.
247,
257.
287.

277

287.
237.
3%6.
315.
325.

334
343

352.
360.
353.
377.

1.159
228.85
460.23

248.94
URF Y- SURF
51 231.50
.88 227.74
29 224.35
33 221 .35
.48 2i8.73
.22 216.50
.05 214 .66
35 213.22
S0 212.18
38 211.5%4
87 211.30
87 211.46
8% 212.02
81 212.5¢8
72 214.35
.56 216.11
32 218.26
a0 220.80
1] 223.73
89 227.04
28 230.73
.43 234.79
.40 239.21
18 243.99
17 249.12
14 254.59
28 260.39

.04
.08
.85
19
.73
.67
.61
10.
.50
.44
16,
.32
20.
az.
24,
26.
23.
25.
.91
.85
35.
37.
3%,
.62

55

38

26
2¢
14
08
03
97

79
73
67

56

50
44

33

ALPHA
(DEG)

-22.
~19.
~17.
.19

-15

-1z,
-14.

~-8.
.98

-5

-3.
-1.
.92
.23
.53
.83
10.
1z,
.74
17.
15.
21.
.94
26.
.55
20.
.15
35,
37.

14

23

28

33

09
79
49

89
58
28

68
38

13
43

04
34
64
24

8%

45
75

COORDINATE POINTS



28 385.12 266.51 40.05
29 352.85 272.34 €2.36
30 400.24 279.68 44 .66
31 407 .35 286 .71 46.96
32 414.17 294.02 49.28

33 420.35 301.20

FAILURE SURFACE # 5 SPECIFIED BY 36
SAFETY FACTOR = 1.151
X-CENTER = 235.186

Y-CENTER = 489.00
RADIUS = 277.88

POINT X-8URF Y-SURF ALFPEA
NO. (DEG)
1 124,63 231.350 ~21.05
2 144.03 227.391% -18.99
3 153.48 224 .65 -16.93
4 163.05 221.74 -14.87
S 1792.7 219.18 ~12.80
6 182.47 216,96 -10.74
7 192,28 315.10 -8.68
8 202.18 213.59 -6.62
g 212.11 212 .44 -4.56
10 222.08 211 .64 -2.49
11 232.07 211.21 -.43
12 242.07 211.13 1.63
13 252.436 211 .42 3.69
4 262.04 212.06 5.75
15 271.99 213.06 7.82
16 281.90 214 .42 3.88
17 291.75 216 .14 11.54
18 301.54 218.21 14.00
138 311.24 220.63 16.06
20 320.85 223 .39 18.12
21 330.35 226.51 20.19
22 339.7 229 .96 22.25
23 348.99 233.74 24.31
24 358.11 237.8¢6 26.37
25 3€7.07 242 .30 28.44
25 375.86 247 .08 30.50
27 364.48 252.14 32.56
PA:] 392.38¢ 257.52 34.62
29 401,13 263 .20 36.68
30 409.15 269.18 38.75
3 416.95 275 .44 40.81
32 424.52 281.37 42.87
33 431 .85 288.77 14.93
34 438.93 255.84 46 .99
S 445.7 303.15 49.05

36 446.30 303.73

FAILURE SURFACE # 6 BPECIFIED BY 36
SAFETY FACTOR = 1.182

X-CENTER = 230.98
Y-CENTER = 497.72

RADIUS = 285.98
BOINT X~SURF Y-SURF ALDHA
NO. (DEG)

COORDIKATE POINTS

COORDINATE POINTS
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128

13%.
14E.
.98

154

1&42.
-1

27

174
184

194,
204.
214.
224.
.0€
.08
.04

234
244
254

263.
1]

273

283.
z93.
.27
.80

303
312

322.
331.
.14

341

350.
358,
A7

368

376.
.37
.70
.82

385
393
401

409,
.43
.80

417
424

432.
419.
440,

.52

@0
39

87
16
0

o7
08§

89
76
56
43
85

30
3z

85

13

i3
11
59

231
228
224

222.
.54
217.
215,
.12
213.
.24
-83
.76
.04
.68
.66

218

P

214

212
211
211
212
212
213

214.
.66
218.
.03
.73
.78
230.
.81

216
221
223
226

233

237.
.16
246.
251.
.00
.55
.38
.49

242

257
262
268
374

280.
287.
.44
.59
.22

294
301
303

.50
.01
.85

63

339
58

[€h

2]

67

12

83

80
75

88
53

~-20.
-18.
-16.
-14.
-12.

FATLURE SURFACE # 7 SPECIFIED BY

SAFETY FACTOR

X-CENTER
Y-CENTER
RADIUS =

POINT
NO.

LE I VI

@ ] oo

11
12
13
14
15
16.
17
18
19

= 1.152
= 223.38

= 492.10

280.21

X- SURF ¥-SURF
120.41 2331.50
129,77 227.99
135,26 224.82
146.85 221.99
158.53 219.50
168.30 217.3¢
178.14 215.57
188.04 214.13
197.98 213.05
207.95 212.32
217.94 211.9%
227.94 211.93
237.94 212.27
247.91 212.97
257.86 214.03
267.76 215.42
277.60 217.19
287.38 219.30
287.07 221.75

35

ALPHA
{DEG)

-20.
.43

-i8

~16.
~14.
-12.
-10.

-8.

~6.
.18
.13
.08
.86
.00
.08
.09
10.
1z.
1z.
i6.

-2

W R b

54

45
40
35
3z
27
22

14
18
23
27

COORDINATE POINTS



20
21
22
23
24
25
28
27
28
29
30
31
32
33
34
35

306.
.16
.54
.78
.89
.84
3sl.
370.
.65
386.
.89
.69

318
325
334
343
352

378

394
402

410,
417.
.87
429.

424

£7

62
23

87

26

59

25

224.
227.
.19
.00
239.
243.
.38
.45

231
238

248
253

258.
.55

264

270.
.78

276

283,
290.
297.

3oz

56
71

14
50

55

52

32

12
18

~

It

18.
290.
22.
.45
25,
28.
30,
32,
34.
.72
.77
.81
42,
44,
46,

24

36
38
40

FAILURE SURFACE # 8 SPECIFIED BY

SAFETY FACTOR = 1.15¢
X-CENTER = 222.48
Y-CENTER = 534.88
RADIUS = 323.49
POINT ¥.-SURF ¥~SURF
NO.
1 110.20 231.80
2 116.64 228,17
3 128.16 225,14
4 138.78 222 .41
5 148.48 219.97
[ 158.25 217.83
7 168.08 216.00
8 177.96 21447
o 187.89 213.25
10 157.85 212 .33
11 207.83 212.72
12 217.82 211.43
13 227.82 211 .44
14 237 .82 211.76
15 247.80 212.38
16 257.75 213.32
17 267.68 214.57
18 277.586 216.12
13 287.38 217.97
20 297,15 220.13
1 306.84 222.5%
22 316.45 225.34
23 325.%8 228.40
24 335.40 231.74
25 344.71 235.38
26 353.91 238.230
27 382.99 243.50
28 371.5%3 247.98
29 380.72 252.74
30 389.37 257.77
31 387.85 26%.06
32 406.17 263 .61
33 414 .31 274 .41
34 422.27 280 .47
35 430.04 286.77
36 437.81 293.30
37 £44.98 300.08
38 448.07 304.07

32
38
41

50
54
59
63
68

B&
90
95

38

ALPHA
(DEG)

-19.
-17.
~-15.
.11

-14

-12.
-10,

-B.

-7,

-5,
.48
.71
.08
.83
.60
.38

-3
-1

23

24.
26.
28.
30.
31.
.12
.48
7.
39.
40.

33
25

42
44

W ~d U W

42
€5
88

34
57
79
02
25

15

.92
10.
12,
14.
15,
17.
19.
21.
.09

69
46
23
00
77
58
32

86
63
40
17
94

26
03
8G

.57
.34

COORDINATE POINTS



FAILURE SURFACE 4 % SPRECIFIED BY 36 COORDINATE POINTS

SAFETY FACICR = 1.155
X-CENTER = 218.81
Y-CENTER = 492.82
RADIUS = 282.21
POINT X-SURF Y-SURF ALPHA
KO. {DEG)
1 112.28 23L.50 -21.17
2 121.57 227.89 15.14
3 121.62 224.61 -317.11
4 43,58 221.67 -15 .08
5 15¢.23 219.07 -13.08
§ 139.97 216.81 -11.02
7 165.79 214.90 ~8.99
B 179.67 213.33 ~6.96
] 189.59 212.12 -4.93
10 199.55 211.2% ~2.90
11 209.54 210.76 -.87
12 219.54 210.61 1.16
13 229.54 210.81 3.18
14 239.32 211.37 5.22
15 249,48 212,28 7.25
16 259.40 213.54 9.28
17 269,27 215.15 11.31
18 279.08 217.12 13.35
19 288,81 219.42 15.38
20 298.45 222.08 17.41
21 207.99 225.07 19.44
22 317.432 228,39 21.47
23 326.73 232,05 23.50
2 335.90 236.04 25.53
25 344.92 240.35 27.56
26 383,79 244.98 29.59
27 362.48 249.91 31.62
28 271.00 255.16 33.65
29 379.32 260.70 35.58
30 387.45 266.53 37.71
31 395.36 272.65 39.74
32 403.05 279.04 41.77
33 £10.50 285.70 43.80
34 417.72 292.62 45.83
35 424.65 299.80 47.86
36 426.51 301.81
FAILURE SURFACE #10 SPRCIFIED BY 36
SAFETY FACTOR = 1.155
X-CENTER = 228.06
Y-CENTER = 491,31
RADIUS = 2B81.23
POINT X- SURF ¥ -BURP ALFH2
XO. (DEG)
3 120.41 231.50 -21.49
2 123.71 227.84 ~19.45
3 139.14 224.51 -17.41
4 148.68 221.52 -15.37
5 158.33 218.86 -13.34
6 168.06 216.56 -11.30
7 177.86 214.60 -9.36
8 187.73 212.99 -7.22

COORDINATRE PBOINTS



10
1l
12
13
14
15
1l&
i
is
19
20
21
32
23
24

25

26
27
28
29
30

31

32
33
34
35
36

187.
267.
217,
227.
.58

oy

<37

257,
257,
267.
277.
287.
236,
3086,
316.
328.
334,
344.
3383.
.95

361

370.
373.
3B7.
395.
403,
411,
418.
425.
432.
436.

65
81
60
€0

58
&4
34
18
838
54
10
54
85
03
07

65
i8
52
65
58
28
75
58
95
72

211,
210.
.28
210.
210.
210.
211.
212.
.43

210

214

216 .
a18.
22%.
224.
227,
231,
.11
.39
244 .
.91
.14
.66
265.
.58
277.
.61
291,
.68
.83

235
239

248
254
259
271
284

298
302

73
83

08
24
76
63
[:13
36
64
26
22

52
13

00

48

38

52

.19
.15
L1l
.92
.96
.00
.04
.7
.11
.15
.19
.22
.28
.30
.34
.37
.41
.45
.43
.52
.56
.60
.64
67
.71
.15
.78



70.

140.

210.

280.

350.

420.

490,

560.

Y A X I s
157.060 227.00 297.00 367.00 437.00
00 wokekh AN oo fomm o fevmmcmaan PR
00 +

- .8
- .82
- .11
00 + . .81
- _‘;4*
- 8L,
- e 2%,
- LB,
LN 1.,
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L h—
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e oo
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AGEC S AWAL
Midvale UT s5/n5206
CELL 6/LT/STATIC/SOUTH/WASTE +20°

2O0BbURFACES HAVE BEEN GENERATED
10 MOST CRITICAL OF SURFACES GENERATED
MINIMUM FACTOR OF SAFETY = 1.606

Y —=AXIS




PROBLEM DESCRIPTION

--SLOPE STABILITY ANALYSIS--
SIMPLIFIED JANBU METHOD OF SLICES
IRREGULAR FAILURE SURFACES

BOUNDARY COORDINATES

2 TCP
38 TOTAL BOUNDARIES

BOUNDARY

NO.

W O U e W) ke

W W W W W WK DN DN RN KN R R D R g R g
[ A G A R . B A R A R R N S - E S

30URDARIES

X-LEFT

.00
211.50
217.50
237.50
310.00
320.20
378.40
381 .40
384.40
320.20
324.70
377.10
382.00
323.390
324.70
328.1¢
332.79
335%.00
339.00
385.890
332.790
381.5¢0
323.30
391.10
211.50

.00

.00

.Q0

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

238.

243.
247.
259,
269,
298,
398,
297.
262,
265.
295,
295.
266,
263,
263.
267.
267.
267.
251.
267.
247.
265,
244.
235,
23¢€.
234.
2390.
224,
229.
211,
192,
187.
178,
175,
172.
168,
157.

ISOTROPIC $OIL PARAMETERS

18 TYPE({S) OF SOIL

SOIL

TOTAL

TYPE UNIT W

NO.

1

120.0

SATURATED

T.  UNIT WT.

120.0

X-RIGHT

211.
217.
237.
310.
320.
379.
381.
384.
560.
324.
377.
382,
560.
324.
338.
332.
339.
382,
385,
560.
391.
560.
391.
.00
560,
56Q.
560.
560.
560.
.00
560.
560.
560.
560.
560.
.00
560.
.00

560

560

560

5690

50
50
50
Q0
20
40
40
40
go
70
10
00
Q0
70
10
70
00
Qo
80
oo
50
oo
10

oe
00
090
o]
00

00
00
00
00
0o

00

CELL 6/LT/STATIC/SOUTH/WASTE +20°'

Y-RIGHT

238,
240.
240.
268,
269.
298,
298,
297.

315

269,
295,
295.
313.
269,
268,
267.
267.
295.
251,
251.
247,
247.

244
244

238.
236,

234

230,

224
220

21%1.
190.
187.
178.
175.
172,
168,
157.

COHESION FRICTION
INTERCEPT

106.0

ANGLE

{DEG)

28.

0

00
00
00
00
co
60
€0
€0
.16
00
20
30
16
00
50
00
00
30
40
40
40
40
.30
.30
09
a0
.00
00
.00
.00
00
00
60
00
00
00
00
00

PORE

SOIL TYPE
BELQOW BND

MmN W W DN e = RN DRI WE R B WW W'

PRESSURE

PRESSURE CONSTANT

PARAMETER

.00

PIEZOMETRIC
SURFACE
NO.



2 110.0 110.0 270.0 28.0 .00 .0
3 130.0 136.0 400.0 32.0 .00 .0
4 120.0 120.0 100.0 25.0 .00 .0
5 130.0 130.0 200.0 10.0 .00 .0
& 120.0 120.0 200.0 30.¢ .0¢ .0
? 112.0 110.¢0 200.0 30.0 .00 .0
8 110.0 110.0 200.0 27.0 .00 .0
Q 118.¢ 110.0 200.0 30.0 .00 .0
10 110.9 11¢.0 200.0 27.0 .00 .0
11 11¢.0 110.¢ 200.0 30.0 .0C .0
12 110.¢ 110.0 200.0 27.0 .00 .0
13 110.¢C 11¢.9 200.0 30.0 .00 .0
14 110.0 110.0 200.0 27.0 .00 .0
15 110.0 110.0 200.0 20.0 .00 .0
16 110.9 110.0 200.90 27.0 .00 .0
17 110.0 110.0 200.90 30.0 .00 .0
i8 110.0 1i0.0 200.0 27.0 .00 .0

1 PIEZCMETRIC SURFACE{S) HAVE BEEN SPECIFIED

UNITWEIGHT OF WATER = 52.40

PIEZCMBTRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS

POINT X-WATER Y-WATER
NO.
1 .00 234.00
2 56C.00 234.00

A CRITICAL PFAILURE SURFACE SEARCHING METHOD, USING A RANDOM
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED.

2500 TRIAL SURFACES HAVE BEEN GENERATED.

50 SURFACES INITIATE FROM EACH OF 50 POINTS EQUALLY SPACED

ALONG THE GROUND SURFBCE BETWEEN X = 300.00
AND X = 335.00

#

370.00
420.00

EACH SURFACE TERMINATES BETWEEN X
AND X

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS IS8 Y =150.00

.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.

FOLLCWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FATLURE SURFACES EXAMINED.. THEY ARE ORPERED - MOST CRITICAL
FIRST.

[ A

[ N R W o



‘SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD.

FAILURE SURFACE # 1 SPECIFIED BY 17 COORDINATE POINTS

SAFETY PACTOR = 1.606
X-CENTER = 331.65
Y-CENTRR = 336.81
RADIUS = 67.97
POINT X~SURP Y-SURF
NO.
1 321.43 369.61
2 326.40 269.05
3 331.38 268.84
4 336.38 269.¢
5 341.36 269.54
€ 346.28 270.44
7 351.12 271.69
8 355.86 273.30
] 360.46 275.2
10 364.91 277.53
11 369.17 280.14
12 373,24 283.05
13 377.08 286.25
14 380.67 283.73
15 384.00 233.46
18 387.05 297.43
17 3i87.35 297.90
SLICE X DX
NO.
1 323.26 3.566
2 325.74 1.31
3 328.63 5.00
4 333.89 5.00
5 335.88 4.97
6 342.40 2,07
7 284,86 2.85
8 348.70 4.84
9 353.49 4.73
10 358.16 4.60
11 362.68 4.45
12 367.04 4.27
13 371.21 4.06
14 375.16 3.84
15 377.09 .02
16 378.25 2.30
17 380.04 1.27
18 381.04 .73
i3 3B81.70 .60
20 3R83.00 2.00
21 384.20 .40
22 385.¢S 1.30
23 386.37 1.35
24 387.20 .31

FAILURE SURFACE

SAFETY PACTOR =

X~CENTER =
Y-CENTER =

ALPHA
(DEG)

-6

14
18

35

44

48.
52.
56.

494.
410.
.31
3916.
5068,
2408,
3578.
§709.
7145.
7288,
7151,
.29

2532

6755

6131,
5317.

28.
2881.
.12

1432

734%.
547.
.02

1375

189.
142,
201.

8.

# 2 SPECIFIED BY

1

334.18
330.186

.622

.54
.32
.89
.11
10.
.54
.75
22.
27.
31.
.62
33.
.05

32

97
19
40

83

26
48
69

DW

20
53

66
23]
11
i3
51
96
23
35

23
64
43
12

64
37

05
23
95
10

bQ

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.60
.00
.09
.00
.00
.00
.00

by

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.ao
.00
.00
.09
.00
.00

16 COORDINATE POINTS

544.
.85
.46

455
2603

3848.
.56

4836

2247,
3423,
.072
6773.
6931,
6857.
6561,
6053.
.70
25,
-la
1472,

775,

572.

6371

3365

2378

1400
186

106

-25.

N

39

94

78
15

30
76
12
59
03

47
41

03
Sa

.13
.67
40L.
.32

51

35

D&r

403.
371
1702,
2114.
.51
1097.
1174.
2160,
.64
2323.
.88
2216,
2070.
.00
10.
Z064.
.65
293,
222,
.58

2441

2277

2301

.869

537

593

85.
249.
.98
.48

172
2€

61
99
28
58

79
05
87
5

i8
28

43
09

07
43

01
25



RADIUS =

60

POINT X-SURF

NO.
i 323.
2 328.
3 333,
4 338.
5 343
& 348.
7 353
8 357.
o} 362.
10 366.
11 370
12 374.
13 378.
14 381.
15 384
16 385.

57
53
52

=

52

.49

3s

.20

a7
39
7%

L83

65
22
49

.24

06

FAILURE SURFACE

SAFRTY FACTOR

X-CENTER =
Y-CENTER =
RADIUS =

POINT X-SURFP

NO.
1 322.
2 327.
3 332.
4 337
5 342,
6 247.
7 352.
a 357.
2 351.
10 365.
11 379
12 . 374
13 378
14 381
15 384
16 387,

-4

Y- SURF

270.
270.
263,
2€3.
270.
271.
272.
274
275.
273
.12

282

285.
288,
.60

282

254,
.87

297

6%
01
75
g0
47
44

-
“

59
74
2S

31
81

64

ALPHA
(DEG)

1

~d

o
Lo PR A T TR AN SO )

Sl L W N
> o

wm ;o
@® W oo

# 3 SPECIFIED BY

= 1.623

335.42

327.25
58.51

¥-SURF

86 276.33
77 269.38
74 268 .85
.74 268.75
73 269.08
67 269.83
53 271.60
28 272.58
87 274.56
27 276.92
.46 279.66
.40 282.74
.06 286.14
.42 289.85
.44 293.83
ag 297.86

.74
.00
.75
.49
.23
.98
.72
.47
21
.85
.10
.44
.18
.93
.67

1é

ALPHA
{DEG)

~-10.

-6,
.16
.74
.64
.54
1B.
.33
.23
313.
38.
42.
.82

13

23
28

47

52.
57.

FAILURE SURFACE # 4 SPECIFIED BY

SAPRETY FACTOR

X-CENTER =
Y-CENTER =
RADIUS =

POINT E-5U
NO.

321
328
331.
3386
341.

Wb W e

= 1.629
328,23
351.5%
82 .34
RF Y-SURF
43 269.61
.42 2695.23
42 269.27
.41 269.56
38 270.14

95
05

44

i3
03
93

T2
62

17

COORDINATE POINTS

COORDINATE POINTS



6 146.30 271.03 13
7 351.18 272.22 17.
8 355.93 273.89 20.
S 360.61 275 .46 24
10 365.17 277.50 27.
11 369.60 279.82 31
2 373.88 282.40 34
13 378.00 285.24 38.
14 381.94 288.32 41.
15 3I85.68 291.64 45,
16 389.22 295.17 48,
17 392.04 298.36

FAILURE SURFACE # 5 SPECIFIED BY

.70

18
§6

.14

62

.10
.58

06
54
02
50

et
~}

SAFETY FACTOR = 1.641
X-CEKTER = 325.24
Y-CENTER = 354.66
RADILS = 85.13
POINT *- SURF ¥-SURE ALPHA,
NO, (DEG)
1 321.43 269.61 -.95
2 326.43 269.53 2.42
3 331.42 269.74 5.78
" 336.40 270.25 9.18
3 341.34 271.04 13.51
6 346.22 272.12 15.88
7 351.03 273 .49 19.24
8. 355.75 275.14 22.61
5 360.36 277.08 25.97
10 364.86 279.25 29.34
11 369.22 281.70 32.71
12 373.42 284 .40 36 .07
13 277.46 287.35 39.44
14 381.33 290.52 42.80
15 384.99 293.92 46.17
16 366.456 297.53 49.53
17 388.90 '298.03

FAILURE SURFACE # 6 SPECIFIED BY 17
SAFETY FACTOR = 1.645
X-CENTER = 338.2%
Y-CENTER = 328.44
RADIUS = €0.55
POINT X-3URF Y- 8URF ALFHA
NC. (DEG)
1 322.14 269.97 -13.04
2 327.061 268.84 -8.32
3 331.96 268.12 -3.59
4 336.95 267.81 1.13
5 341.95 267.91 5.86
g 346.53 268.42 10.58
7 351.84 269.34 15.31
8 3E5.66 270.66 20.03
9 361.36 272.37 24.76
10 385.90 274 .46 29.48
11 370.25 276.92 34.21
12 374.39 279.73 38.93
13 378.3 282 .88 43 .66

CCOORDINATE POINTS

COORDINATE POINTS



14 38%.83 288 .33 43.38

by 385.22 25%0.0Q7 53.11
1€ 388.22 294 .06 57.83
N 390.85 298.24

FAILURE SURFACE # 7 SPECIFIED BY 17 COORDINATE POINTS
SAFETY FACTOR = 1.648

X-CENTER = 330.98

Y-CENTER = 334.46
RADIUS = 65.38
PQINT X-5JRF Y-SURF ALPHA
NO. (DEG)
1 320.00 269.00 -7.36
2 324.96 268.36 ~3.05
3 328.95 268.0% 1.27
4 334.858 268.20 5.58
g 335.93 268.63 9.31
€ 344.85 268.5%5 14.22
7 349.70 270.78 18.54
L3 354.44 272.37 22.8B6
8 359.035 274.31 27.17
1¢ 362.50 276.58% 31.49
1 367.76 279.21 35.81
12 371.81 282.13 40.12
13 375.64 285 .38 44 .44
14 379.21 288.86 48.76
15 382.50 292.61 53.08
16 385.51 296 .61 57.33
17 386.26 297.79

FAILURE SURFACE # 8 SPECIFIED BY 17 COORDINATE POINTS

SAFETY FACTOR = 1.649
X~CENTER = 338.00
Y-CENTER = 321.Z23
RADIUS = 54 .21
POINT X~-SURF Y-SURF RLFPHA
NO. ' (DEG)
1 321.43 269.61 -15.15
2 326.26 268.31 -93.87
3 331.18 267 .45 -4.58
4 336.17 367.05 .71
8 3141.17 267.11 5.93
6 346.14 267.€3 11.28
7 351.04 268.61 16.56
8 355.83 270.04 21.85
3 36C.47 271.90 27.14
10 364.92 274.18 32.43
11 369.14 276 .86 37.71
12 373.10 275.92 43.00
13 376.76 283.33 48.28
14 180.08 287.06 53.57
15 383.05 291,08 53.86
16 395.64 295.36 64.14
17 386.84 287 .84

FAILURE SURFACE # 5 SPRCIFIED BY 18 COORDINATE POINTS



BAFETY FACTOR = 1.649

X-CENTER = 332.34

Y-CENTER
RADIUS =

POINT
NO.

[
DWW U W DY e

[
Lo

PR
[ LT N

[y
or 1

FAILURE SURFACE

= 352.18
83.29

- 8URF Y-SURF

321.43 263.61
326.40 269.11
331.40 268 .90

336.40 269%.00
341.38 269 .38
346.33 270.68
321.24 271.07
356.07 372.35
360.82 273.92

3€5.48 275.77
3€8.859 277.89
374.38 280.29

278.62 282.94
382.69 285.84

3E6.58 2B8 .58
350.237 282.35
383.7 295.93

396.21 298.78

SAFETY FACTOR = 1.85%
X-CENTER = 339.42
Y-CENTER = 325.93
RADIUS = 57.48
POINT X-SURF ¥ - SURF
NO.
1 323.57 270.69
2 328.43 269.52
3 333.38 268.7
4 338.37 268.47
5 343.37 268.59
6 348.34 269.15
7 353,24 270.14
8 358.03 271.55
9 3€2.69 273.38
10 367.17 275.60
11 371.44 278.20
12 375.47 281.16
13 379,22 284.46
14 382.68 288.08
15 385.80 291.98
16 388.58 296.14
17 389.67 298.13

ALPHA
{DEG)

#10 SPECIFLED BY

.81
.37
.07
.51
.95
L. 39
.83
.27
.72
.16
.60
.04
.48
.82
.36
.80
.24

17

ALPHA
{DBG)

-13
-B
-3

15

21.
.37

26

1.
36.
.33

41

46 .
.30

5L

56 .
.27

61

.52
.53
.55
.44
.43
1l.
.40

¢l

38

35
34

31

28

COCRDINATE POINTS



L57.00

_Uo [ R S AR VS L 28 S S

70.03

140.00

210.00

280.00

350.00

420.00C

430.0C

560.00

-

LA R

A X I s
227.00 257.00 367.00 437.00 507.00
——————— R e Lk e T
*
*
*
.
. -'-
-*-
...12.
61..
612*
t‘ Glt
*e L 4
& okkded ok o



S EE BN Bl BN IR ED BN BN BN BN BN B B B B B B e
—~ s/t]io
AGEC
Midvale UT s5/n5206
CELL 6/LT/SEISMIC/SOUTH /WASTE +20’

2500 URFACES HAVE BEEN GENERATED
10 MOST CRITICAL OF SURFACES GENERATED
MINIMUM FACTOR OF SAFETY = 1.111

Y—AXIS

i ' ]
0. 70. 140, 210. 280. 350. 420. 490, 560.
X—AXIS



PROBLEM DESCRIPTION

--5LOPE STABILITY

ANALYSIS- -

SIMPLIPIED JANBU METHOD OF SLICES

BOUNDARY CGORDINATES

$ TOP  BOUNDARIES
38 TOTAL BOUNDARIES
BOUNDARY %-LEFT
NO.
1 .00
2 211.50
3 217.50
4 237.50
5 310.00
3 320.20
7 379.40
g 381,40
9 384.40
10 320.20
11 324.70
12 377.10
13 382.00
14 223.90
15 324,70
16 328.10
17 332.70
18 329.00
19 339.00
20 385.80
21 332.70
22 391.50
23 323.90
24 391.10
25 211.50
26 .00
27 .00
28 .00
29 .00
30 .00
3l .00
32 .00
33 .00
34 .00
35 .00
36 .00
37 .00
38 .00

IRREGULAR FAILURE

Y-LEFT

238,

238
240
240

269.
269 .
298.
238.
297,

269

269.

295

225,
266.
263.

268
257

267.

257
251
267

47,
266,

244
238
236
234

230.

224

220.
211,
190.
187.
178.

175

172.

168

157.

ISOTROPIC SCIL. PARAMETERS

18 TYPE(S) OF SOIL

SOIL

TOTAL

SATURATED

TYPE UNIT WT.

NO.

UNIT WT.

00
.00
.00
.00
00
00
60
60
60
.00
00
.20
30
70
00
.50
.00
00
.00
.40
,00
40
70
.30
.00
.00
.00
00
.00
00
00
00
00
00
.00
00
.00
00

X-RIGHT

2Ll

217

237.
310.
320.
379.
381.
384.
560.
324.
377,
.00

382

560,
a24.
328.
332.
339.

382

385.
S60.

351

560.
391.

560

560.

560

560,
560.
560.
560G.
560,
560.
560.
560.
560.
S60.
550,
560.

50
.50
50
690
20
40
4D
410
00
70
1D

0
70
10
70
00
.00
80
00
.50
00
10
.00
00
.00
00
00
00
aa
o0
00
oo
00
sly)
0o
0a
0o

SURFACES

CELL 6/LT/SRISMIC/SOUTH/WASTE +20°

Y-RIGHT

238.
240.
240.
269.
263.
298,
288.
287.
315.
269.
255.
285.
313.
2€9.
268.
267.
267.
295,
251.
251.
247.

247

244.

244

238.
2386.

234

230.
224.

2290
211

180,
187.

178
178

173,
168.
157.

COHESION FRICTION
INTERCEET

ANGLE
(DEG)

PRESSURE
PARAMETER

Q0
00
00
s13
414
60
50
60
16
00
20
30
16
00
50
0o
00
ao
40
40
40
.40
30
.30
ao
Q0
.00
00
00
.00
.00
00
00
.Q0
.00
00
g0
Q0

PORE

80IL TYPE
BELOW BND

WE O W Wt b d NN b N MW R R R W W W W

el g T VI SV
OO R U WO

PRESSURE
CONSTANT

PIEZOMETRIC
SURFACE
NO.



1 120.0 120.0 160.0 28.0 .00 .0
2 116.0 116.0 270.0 28.¢ .00 .0
3 136.0 13¢6.0 400.0 32.0 .00 .0
4 120.0 120.0 160.0 25.0 .00 -0
5 13¢c.0 130.0 260.0 30.0 .00 -0
6 12¢.0 130.0 200.0 30.0 .00 .0
7 110.0 116.0 209.0 30.0 .00 .0
8 1.0.0 11¢.0 200.0 27.0 .Q0 -0
] 110.0 110.0 200.0 30.0 .00 .0
10 110.0 110.0 200.0 27.0 .00 .0
11 110.0 110.0 200.0 30.0 .00 -0
12 11¢.0 110.¢ 200.90 27.0 .00 0
13 110.0 110.6 200.0 30.0 .00 Y
14 110.0 110.0 200.0 27.0 .00 .0
15 11.0.0 110.0 260.0 30.0 .00 -0
pR 110.0 110.0 200.0 27.0 .00 L0
17 110.0 110.0 200.0 30.0 .60 -0
18 110.0 110.5 200.0 27.¢ .00 .0

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

UNITWEIGHT OF WATER = §£2.40

PIEZOMBTRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS

POINT X-WATER Y-WATER
NO.
1 .00 234.00
2 560.00 234.00

A HORIZONTAL EARTHQUAKE LOADING COBFFICYENT
OF .180 BRS BEEN ASSIGNED

A VERTICAL EARTHQUAKE LOADING COEFFICIENT
OF .000 HAS BEEN ASSIGHED

CAVITATION PRESSURE = .0

A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM
TECHNIQUE POR CENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED.

2500 TRIAL SURFACES HAVE BEEN GENERATED.

50 SURFACES INITIATE FRCOM EACH OF 50 POINTS EQUALLY SPACED
ALONG THE GROUND SURFACE BETWEEN X = 300.00
END X = 335.00

EACH SURFACE TERMINATES BETWEEN X = 370.00
AND X = 420.00

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACEZ EXTENDS IS Y =150.00

L e S N el =l = S



5.00

e

i

LINE SEGMENTS DEFINE EACH TRYAL FAILURE SURFACE.

FOLLOWING ARE DISPLAYED TEE TEN MOST CRITICAL OF THE TRIAL
THEY ARE ORDERED - MOST CRITICAL

FAILURE SURFACES EXAMINED.

FIRST.

SAFETY FACTORS ARE CALCULATED

FAILURE SURFACE # 1

SAFETY FACTOR =

X-CBNTER

Y-CENTER =

RADIUS =

POINT
NO.

[ERR R Nt I SR )

e N ol e ]
QAU eWNPRPOW

SLICE
NO.

Wm0 U o W N

[ ™ N R O WS Ry S
O W E AU, WwnEHO

SPECIFIED
1.111

= 329.23

151.59

82.34
X-SURF ¥-SURF ALPHA

(DEG)

321.43 263.61 ~3.70
326.42 269.29 -.22
331.42 269.27 3.26
336.41 269.56 6.74
341.38 270.14 10.22
346.30 271.03 13.70
351.15 272.22 17.18
355.53 273.59 20.68
360.61 275.4§ 24.14
165.17 277.50 27.62
369.59 279.82 31.10
373.88 2B2.40 34.58
378.00 285.24 38.06
381.94 286.32 41.54
385.58 291.64 45.02
329.22 295.17 48.50
392.04 298.36

X DX DW-
323.42 3.99 537.%9
325.92 1.00 302.55
328.92 5.00 2354.62
333.92 4.95  3649.52
338.89 4.97  4751.84
343.03 3.31 3704.01
345.49 1.61  1949.97
348.73 4.86 6414.6%
353.54 4.78  6962.27
358,27 4.68  7271.13
362.89 4.56  7346.90
367.39 4.43  7200.61
371,74 4.28  6848.31
375.43 3.22  4955.86
377.55 .80 1352.75
378.70 1.40  2062.48
389.40 2.00 2735.21
381.87 .54 670.41
381.97 .06 74 .63
383.20 2.40  2465.19

2o}

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
. g0
.00
.00
.00

BY 17 COORDINATE POINTS

bu

.00
.00
.0Q
.00
.06
.00
.00
.00
.00
.00
.0C
.00
.00
.00
.00
.00
.00
.00
.00
.00

BY THE MODIFIED BISHOP METHOD.

580.
329.
V51

2363

3490.
.85
.21

4392
3329

i817.
58%0,
6327.
.80

6562

6606 .
6470.
6165.
.60

4484

1221,
1877,
.05
604 .

87.
A214.

2480

DN

26
18

59

34
27
43

8s
&0
69

73
43

G4
88
55

637
402

2345,

2885

3316.

2409

309.
2921.

3105
3203

3222,
3165.
3037.

2233

511,
947.
1265.
315.

35

1217.

DSx

.00
.07
72
.18
71
.85
98
€2
.06
.83
32
14
13
.28
16
87
25
23
.92
80



21 385.04 1.28 1013 .42 .00 .00 g8g7.5% 52€ .42
22 387.45 3.53 1908 .67 .0C .C0 1583.95 1ll4 .60
23 38%.63 .82 245.72 .00 .00 1E5.65 181.53
24 391.04 2.00 245 .52 .60 .00 42.52 291 .55

FAILURE SURFACE # 2 SPECIFIED BY 18 COORDINATE POINTS

SAFETY FACTOR = 1.112
X-CENTER = 132.34
Y-CENTER = 352.18
RADIUS = 83.29
POINT X-SURF Y-BURF ALFHA
KO. (DEG)
1 321.43 269.61 -5.81
2 326.40 269.11 -2.37
3 331.40 268.90 1.07
4 336.40 269,00 4.51
5 341.38 25%.38 7.95
13 346.33 270.08 11.39
7 351.24 271.07 14.83
8 356.07 272.35 18.27
9 360.82 273.92 21.72
10 365.46 275.77 25.16
11 369.99 277.89% 28.60
12 374.38 280.29 32.04
13 378.62 282.94 35.48
14 382.69 285.84 38.92
15 386.58 288.96 42.136
16 390.27 292.38 45.80
17 383.76 255.93 49.24

18 296 .21 298.78
FAILURE SURFACE h 3 SPECIFIED BY 17 CCORDINATE PBOINTS
SAFETY FACTOR = 1.114

X-CENTER = 331.65
Y-CENTER = 335.81

RADIUS o £7.97
POINT X- SURF Y-SURF ALPHA
NO. (DEG)
1 321.43 269.61 -6.,54
2 326.40 269.05 -2.22
3 331.39 268.84 1.89
4 336.39 269.01 6.11
5 341.36 269.54 14.32
6 346.28 270.44 14.54
7 351.12 '271.63 18.75
] 355,86 273.30 22.97
9 360.46 275.25 27.19
10 364.93 277.53 31.40
11 369.17 280.14 35.62
12 373.24 283.08 39.83
13 377.08 286.25 44.05
14 380.67 289.73 48.26
15 384.00 293.46 52.48
16 387.05 2%7.43 56.69

17 387.35 227.80
FAILURE SURFACE 4 4 SPECIFIED BY 17 COORDINATE POINTS

SAFETY FACTOR = 1.128



X-CENTER

Y-CENTER =

RADIUS =

POINT
NO.

Lo BN I S L B PV S i

w

10
11
12
13
14
15
le
17

= 325.34
354.66
£5.13
X-3URF ¥-SURP
321.43 269.51
326.42 269.53
331.42 269.74
336.40 270.25%
341.34 271.04
346.22 272.12
351.03 273.49
355.75 275.14
360.36 277.08
364.86 279.23
169.22 281.70
373.42 284.40
377.46 287.35
381.33 290.52
384.99 293.92
388.46 297.53
188.90 298.08§

FAILURE SURFACE

SAFETY FACTOR

X-CENTER
¥Y~-CENTER
RADIUS =

BOINT
NGC.

Wb W

15
1s

ALPHA
(DEG)

.95
.42
.78
.15
.52
.88
.24
.61
.97
.34
.7
.07
.44
.80
.17
.53

WM BN e
Nwin kol W N

W
LSRRV )]

>
w om

# 5 SPECIFIED BY 16

= 1.129
= 336.42
= 327.25

58.51
X-SURF Y~SUR¥
322.86 270.33
327.77 269.38
332.74 268.85
337.74 268.75
342.73 263.08
347.67 269.83
352.53 271.00
357.28 272.58
361.87 274 .56
366.27 276.93
370.46 279.66
374.40 282.74
378.C6 286.14
381.42 289.85
3B84.44 293.23
387.C0 297.86

ALPHA
{DEG)

-10.95
-6.05
-1.16

13.54
16.44
23.33
28.23
33.13
38,03
42.93

52.72
57.62

FAILURE SURFACE # 6 SPECIFIED BY 16

SAFETY FACTOR =

X-CENTER
Y-CENTER
RADIUS =

POINT
ND.

AW

3.133
L] 334.18
= 330.16

60.41

X~ BURF Y -SURF
323 .57 270.69
328,53 270.01
333.52 268.75
338.52 269.90

ALPHA
{DEG)

-7.74
-3.00
1.75
6.49

COORDINATE POINTS

COORDINATE POINTS



B
L N R L I )

o e s

FAILURE SURFACE # 7 SPECIFIED

343.49
348.38
253.20
357.87
362.39
366.71
370.81
374.65
378.22
381.49
3B .44
3€5.06

SAFETY FACTOR =

X-CENTER
Y-CENTER
RADIUS =

POINT
NC.

@ N A LN e

']

1c¢
11
12
13
14
is5
1s
17
i8
1g
20

FAILURE SURFACE # B SPECIFIED

1.134
= 331.5%
= 373.74

105,05

X-SURF Y -SURF
322.72 269.26
323.70 268.86
330.70 268.70
338.70 268.77
340.69 262,05
345.66 262 .€4
380.59 273.43
355.49 271.48
360.33 272 .70
365.19 274 .18
365.80 275.89
374,42 277.82
373.93 279.57
383.34 282.33
387.63 284.85
391.89 287 .68
385.82 29¢.62
39%.71 293.77
403.43 287.10
406.15 283.78

SAFETY FACTOR =

X-CENTER
Y-CENTER
RADIUS =

POINT
NO,

W N N B W)

2o
[ ST

1.134
= 338.25
= 32B.44

60.65

X-SURF ¥ -SURF
322.14 269.87
327.01 268.84
331.96 268.12
336.95 267.81
341.95 267.91
346.93 268.42
351.84 269.34
356.66 270 .66
361.36 272.37
365.9¢ 274 .46
376.28 276.52
374.39 279.73

270.
275,

272

%
i

_276

279,
282.
285.
288.

282

296,

297

47
44
.82

.53

.74
35
i2
31
81
.60
64
.87

.23
.98
~72
.17
.21
.95
.70
.44
.18
.93
.67

20

ALPHA
{DEG)

-4.
.88
.88
.61
.33
.06
.79
.51
.24
.87
.70
.42
a8.
.88

1
WAl Y O W

22

30

33.
36.
39.
41.
44.

58

15
61
0s

738
51

17

ALPHA
{DEG)

-13.
.32
.58
.13
.88
10.
.31

-8
-3

15

20.
.76
29,
.21

24

14

8.

04

58

03

48

23

COORDINATE POINTS

CCORDINATE POINTS



13
14
15
18
17

FAILURE SURFACE # 9 SPECIFIED

378.28 282.88
3B1.89 286,33
3g5.22 290.07
388.22 294.06
390 .85 29B8.24

SAFETY FACTOR = 1.138%
X-CENTER = 330.53
Y-CENTER = 362.40
RADIUS = 113.15
POINT X-SURF Y- SURF
NO.
1 321.43 269.61
2 326.42 269.32
3 331.42 269.25
4 336.42 269.40
5 341.40 269.77
6 346.37 270.36
7 351.30 271.17
8 355.20 272.20
8 361.04 273.44
19 365.83 274.90
11 . 370.54 276.56
12 375.18 278.43
13 379.73 280.50
14 384 18 282.78
1s 388.53 285.25
16 392.7% 287.50
17 396.88 290.74
18 400.86 293.76
19 404.71 295.96
20 408.02 299.96
FAILURE SURFACE #10 SPECIFIED
SAFETY PACTOR = 1.139
X-CENTER = 332.82
Y-CENTER = 340.58
RADIUS = 72.70
POINT X-SURF Y-SURP
NO.
1 320.00 269.00
2 324.95 268.29
3 329.94 267.92
'l 334.94 267.89
5 339.93 268.21
6 344 .88 268.87
7 345.78 269.87
8 354.60 271.20
9 355.32 272.86
10 361.51 274.84
11 368.35 277.14
12 372.63 279.73
13 376.71 282,61
14 380.59 285.76
15 384.25 289.17
16 387.66 292.83
17 390.81 296.71
18 391.96 298.36

43

48.
.11

53

57.

BY

.66

38

83

20

LLPHA
(DEG)

- N S R N1

0

14

16.
19.
21,
.51
27.
29.
.10

24

32

4.
37.
39.
.23

42

BY

.35
.81
.72
.25
.78
.32
1l.
.38

85

91
44
98

04
57

54

17
70

18

ALPHA
(DEG)

-8,
.24
.36
.64
.58
.52
15.
13.
.35
27.
31.
)

-4

11

23

35

39.
.05
.99

43
46

50.
54.

18

46
40

29
23

11

93
87

COORDINATE POINTS

COORDINATE POINTS



70.

140

210.

280.

350.

424

490.

560,

Y A X I S
157.00 227.00 257.00
DD Kekwh_ ¥ EF AR .
Qo0
.G0
Q0
oo
L«
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-*-
co o 14
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L 2L
LA SN 71
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Appendix B

Landfill Cell 7 Stabiiity Printouts
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AGEC
Midvale UT s/n5206
CELL 7/LT/STATIC /WASTE +20

200bURFACES HAVE BEEN GENERATED
10 MOST CRITICAL OF SURFACES GENERATED
MINIMUM FACTOR OF SAFETY = 1.977

Y—-AXIS

I T T T 1
0. 75, 150. 225, S00. 375. 450, 525. 6040.



PROBLEM DESCRIPTION

--SLOPE STABILITY ANALYSIS-~
SIMPLIFIED JANBU METHOD OF SLICES
IRREGULAR FAILURE SURFACES

BOUNDARY COORDINATES

9 TQp BOUNDARIES
3% TOTAL BOUNDARIES

BOUNDARY
Ko,

oy
(=]

-
ot

-
[§}

LB~ R - B O B S IV X e

DI b R b o ke
< w0 o Wb W

[N}
=

~l

1)
(8]

[ 8]
fad

LN V]
ol oo

W LW W ow W wid W Rt R
[+ JEN | & W H OO ~ o

[
o

@

oo

¥-L

230

300.
310.

312

355,

373

375.
378.
312.
319.
327,

333

378.

333
395

327.
395.
312,
230.

394

EFT

.00
.00
[t1y}
50
.50
90
.10
10
10
50
70
20
.60
50
.60
.30
20
00
50
00
.50
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
G0
.00
.00
.00
.00
.00
.00
.C0

YL

239.
236,
2€7.
287.
267.

223

297,
297.
29¢.
267,
<67.

264
264

295,

264
244
2€4

242.
267.
239.
233.

218
234

230,
220,
218,

208

187.

191

185,
175,
i59.
185,

%53

149.
140.
11s.

104
a3

ISOTROPIC S0IY PARAMETERS

S01L

8 TYPE(S)

TOTAL

OF SOIL

SATURATED

TYPE UNIT WT.

NO.

UNIT WT.

EFT

co
a0
co
00
00
.70
20
30
30
G0
[o£0]
.50
.50
00
.50
.00
.50
oo
(o34}
00
00
.00
.00
00

00
.00
00
.00
o0
00
Q0
00
.00
1]
o0
00
.00
.00

00

¥-RIGHT

230.00
300.00
316.50
312.50
365.90
373.10
375.10
378.10
600.00
319.70
327.20
333.60
378.50
§00.00
395.30
600.00
395.00
§00.00
394.50
3384.50
600.00
§00.00
600.00
600.00
600.00
600.00
600.00
600.00
600.00
600.00
600.00
600.00
600.00
600.00
§00.00
600.00
600.00
1 6060.00
600.00

CELL 7/LT/STATIC/WASTE +20

¥-RIGHT

239.
267.
267.
267.

293

297.
297.
2%6.
318.
267.

264

264.
285,
316.
244.

244

242.
242.
23%.
239,
239.
236 .
234,

230
220

218.
208.
197.

191

185,
175.
169.
165,

153

143.
140.
119.
104.

93

CCHESION FRICTION
INTERCEPT ANGLE

(DEG)

PRESSURE CONSTANT
PARAMETER

00
00
00
ao
.70
0
340
30
50
00
.50
50
00
50
00
.00
00
Qo
0o
00
00
00
[s1¢]
.00
.00
00
Y]
ag
.00
00
a0
00
Q0
.00
oo
oe¢
00
o
.00

PORE

50IL TYPE
BELOW BND

\lmda:\tcnqm\lmqm\rmqaaqmmwwwuwab»ymme—éwwwwwwwm

PRESSURE

PIEZOMETRIC
SURFACE
NO.



1 120.0 120.0 100.0 28.0 .Q0 .0
2 1i¢.0 ii¢.0 270.0 28.0 .00 .0
3 130.0 130.0 49D.0 34.0 .00 .0
4 120.0 120.0 100.0 25.0 .00 .0
5 130.0 13¢.0 200.0 30.0 .00 .0
6 120.0 120.0 200.0 30.0 .00 0
7 110.0 110.0 200.0 30.0 .00 .0
8 110.0 11¢.0 200.0 27.0 .00 .0

1 PIEZCMETRIC SURFACE(S) HAVE BIZEN SPECIFIED

UNITWEIGET OF WATER = 62.40

PIEZOMETRIC SURFACE NO., 1 SPECIFIED BY 2 COORDINATE PQINTS

POINT X-WATER Y-WATER
NO.
1 .0 234 .00
2 60C.00 234.00

A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM
TECHNIQUE FOR CGENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED.

2500 TRIAL SURFACES HAVE BEEN GENERATED.

50 SURFACES INITIATE FROM EBACH OF 50 PBOINTS EQUALLY SPACED

ALONG THE GROUWD SURFACE BETWEEN X = .00
AND X = 230.00

EACH SURFACE TERMINATES BETWEEN X 300.00
AND X = 600.00

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS IS Y = .00

12.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.

FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL

FIRST.

SAFETY FACTORS ARE CALCULARTED BY THE MODIFIED BISHOP METHOD.

FAILURE SURFACE # 1 SPECIFIED BY 24 COORDINATE POINTS

SAFETY FACTOR = 1.977.
X~CENTER = 272.7¢
Y-CENTER = 354 .49

RADIUS = 154.21

POINT X-8URF Y-SURP ALFPHA

Bt b b e g g



=z
o]

W3NG S WA B

bl
W R oW

14
15
16
17
18
19
20
21
22
23
24

SLICE
NO.

[y
QO W R e

I R R N N N e ¥
LR I N EORY S RV - - R B R T I S A )

27
28
29
30
31
32
33
34
35
35

183.
133.
203.
214
225.
237,
249.
261
.07

273

285.
285.
T4

308

320.
.55
.46

331
342

352.
.94

3¢g2

372.
.24
3g9.
.91
.64

381

396
403

409.
412.

133

185.
191.
.28
26G0.
209.
.82

19%

216

221.
.22
.81
233.
.27
285.
287.
273.
281 .
299.
ic4.
303.
311.
.19
320.
.56

225
227

243

318

320

323.
326.
329.
.58
338.
.18

332

345

350.
.88

352

358,
.03
.62
.42
.94

360
382
364
368

o€
a9
60
53
8l
as
16
08

06

-

23

94

3s

43

58
54

X

.34

15
&8

53
o7

88

693

12
o7
08
D2
43
37
62
50

(3]
56
74
38
03

44

27

239
232
228
221
217
214
212
210
210

210.

212
214
217

221,
226.
232,

239

246.
254.
263.
.08
.02

273
283

233.
299.

™
N R U O RN Wk

L
W b

©® W m Nk [, ~3 N koo

34

.00
.41
.52
.66
.57
.37
.08
.71
.27
.15
.54
.BC
94

79
.43
82
93

-

45
735

DX

.57
.04
.42
.37
.14
.93

.58
.52
.18
.19

.38
.78

.92

.98
.53
.51

.03
.74

.78

.00

-~
B4

.59

.55

.43
.93

.35
.05
.86
.47
. 0L
.82

.01

.52
.65
.96
.08

(DEG)

-33.
-28.
.39
.83
-15.
-11.

-6.

-2.
.37
.83
11.
15.
20.
.66
29.

-24
~19

24

33

43

830.
1552,
1736,
4100.
7706

18736,
.51

9538

12575,
2839.
.31

10478

21158.
42462.
52724.
616823,
63110,
74825.
19843,
.00

56875

11224.
12636
45668 .
3790.
.38
.02
.15
28267.
13346.
58071.
356030.
.43
11822.
19586.
.20
4091.
18549.
.70

3511

35004

5994

32904

28955

37308

31
85

47
01
55
09

29
75
20

12

.58
38.
.50
46,
51.
55.
60.
64,

04

S6
42
88
34
80

Dw

24
21
0z
94
34
58

31
55

93
79
00
3]
45
1is
56

34
25
27
26

35
05
52
58

27

65

64
71

.00
.00
.a¢
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.C0
.00
.¢0
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

4612

8885 .
15555.
16826,
17603.
17581,
16862.

4141.
11308.

2150.
.14

2422

8114.
.28
585.
.26

852.
3721.
l¢28.
5524.
21859.

824

5420

832

(994

.00

.00
143.
871.
2437.
7381.
4011.
5491.
l266.
.45

64
08
43
16
10
43
16

32
50
44
25
85
35
09
03
01

a3

75

44
44
70
£8
50

.00
B2.
.00
.00
0o
.00
.00

44

1787.
2597.
2630.
.25

4873

7810,
1555%9.
6965,
8059.
1985,
6868,
14302.
29415.
.51

37390

44585.
50994 .
56605.
15247.
24233,

8781,
.28

9926

36471.
3Q72.
2862.

28590.
5021.

.88

23554

11581,
.80

51794

338685.
31316,
11794.
19489.
17

28803

3319.
18121.
35426,

DN

52
93
a5

12
44
13
59
77
35
0
23

91
38
59
33
70
76

14
97
65
92
76

98

54
66
a8
52

51
a7
75

S8r

1068
1126

5223
2288
3238

638

12703

15801

4241.
12300.
2447 .
2763,
10185,
.04
796 .
.38
.02
6642
3212.
14333,
9361.
$724.
3565,
E05E.
8959.
.94

854

8334
1394

1493

64942,
13589,

.69
.55
1061,
1928.
2721.
.49
.68
.88
.33
2209.
£459.
8794 .
10849.
.59
14355,
.05

12
20

29

P
57
11
34

0¢

39
3]
XY
19
28

68

33
53
45
91
62
24
72
20

73
19



37
38
39
40
i1
42
43
44
45
46
47
48
49
50

372.
372.
373,

374

375.
377.
378.
379.
385,
393.
400,
406 .
410.
412.

13
74
82
.82
66
i6
30
87
33

-
17

27
61
70
13

.41
.1
.44
.56

1.12

fo]

NN @

.88
.40
.74
.19
.48
.73
.94
.28
.71

2434
4250.
8457.
3268.
6375.
.30

10226

2115.
14043.
.35

37057

26413.
lg532.
.77

7781

1006.
.38

61

FAILURE SURFACE # 2 SPECIFIED BY

SAFETY FACTCR =

X-CENTER
¥-CENTER
RADIUS =

POINT
NQ.

[« SN T SR

0

10
11
12
i3
14
is
16
17
18
19
20
21
22
23

1.982
= 274 .39
= 359.95

148.78

X~ EURF ¥-SURF
1B7.78 238.06
187.79 232.41
208.31 225 .65
219.27 221.786
23¢.59 217.77
242.19 214.70
254.00 21z.58
265.34 211.41
277.34 211 .22
289.32 211 .9¢
301.73 213 .72
313.43 216 .40
324.93 220.02
336.04 224 .55
346.753 229.36
356.99 236.21
366.70 243.27
375.80 251.05
384.24 259.62
391.97 268.80
398.94 278.57
405.09 288.87
410.34 259.53

73
11
01
01
75

75
70

42
32

59

ALPHA
{DEG)

-33.
-28.
-24.
-13.
-14.
-10.

-5,

30
68
06
43
81
19
57

- .94

3,

68

8.30

12.
17.
22.
26.
31.
36.
0.
45.
49.
54.
59.
63.

92
55
17
19
41
04
66
28
91
53
15
77

FAILURE SURFACE # 3 SPECIFIED BY 24

SAFETY FACTOR

X-CENTER

u

Y-CENTER =

RADIUS =

POINT
NO.

N B W R ks

X-5

173

184.

154

206,
217.
229.
241.

= 1.98%
252.81
375.72
161.59
URF ¥-8URF
.67 239.00
o1 232.89
.86 227.76
G2 223.35
47 218.77
16 217.08
02 215.23

ALPHA
{DEG)

-30.
-25.
.57

-21

-17.
Q6

-13

-B.
-4.

o] ;1
83

32

80
55

.00
.00
.00
.00
.00
.00
.00
.00
.00
-go
.00
.00
.00
.00

COORDINATE POINTS

COORDINATE POQINTS

.00
.00
.00
.00
.90
.00
.00
.00
.0Q
Ay
.0C
.00
.0e
.0C

2508.
4528,
$007.
3527.
.52

€881

11308,
2339.
15528,
42230.
32104,
21129,
10366.
11385,
-22.

53
15
54
a3

79
1l
76
06
40
03
58

81

44

745.
1345.
2688.

987.
.65

1327

2788
579.
3B49.
10708,
8178.
5506.
3051,
549.
78.

04
47
20
42

81
10
39
01
15
52
78
76
40



8

9
149
11
12
13
14
15
1s
17
18
19
20
21
22
23
24

252
264

276.
288.
300.

312

323.
334.
344.

354

363.

372
381

388.
395.
401 .
401.

.98
.99
56
82
55
.04

10
54
.52
98
.86
L1l
70
58
7L
84

25,

214
214
215
21¢€

222

278

288.
288,
298,

.27
.31
.04
.76
219,
.81
227.
232,
238.
244,
252,
260.
268,
.38

35

10
22
13
a9
18
26
a7

0
41
87

FAILURE SURFACE # 4 SPECIFIED BY

SAFETY FACTCR =

X-CENTER
Y-CENTER
RADIUS =

POINT
NO.

=
OO et w0

o
LT7 N V]

[
oy U ax

[N SIS I el g
Vo O W W N

1.591
= 2568.45
= 347.88

135.53

X-SURF ¥~SURF
187.76 239,00
197.70 232.29
208.21 226.48
219.18 221.63
230.54 217.77
242.20 214.92
254.06 213.12
266.04 212.38
278.04 212.69
285.96 214.07
201.71 216.50
313.290 219.96
324.34 224.42
335.04 229,84
345.22 236.20
354.80 243.43
363.7¢ 251.47
371.86 260 .28
379.20 26%.77
335.68 279.87
391.23 290.51
394.31 297.92

Lo SRV 3 N
[0 S T Vo

.98
.24
.50
.75
.01
.27
.52
.78
.03
.25
.55

22

ALPHA
(DEG)

-34.
.93

-28

~23.
~18.
.7
.63
.58
.52
.59
il.
.74

-13
-8
-3

18

21.
.89

26

1.
37.
.12

42

£7.
.27

52

57.
62.
67.

FRILURE SURFACE # 5 SPECIFIED BY

SAFETY FACTOR

X-CENTER
Y-CENTER
RADIUS =

POINT
NG,

o W R O

X-8

159

170.
130.
151,

203.

= 1.981
257.3¢6
398.53
i187.11
URF Y-SURF
.59 235.00
2 233.06
81 227.80
91 223.25
28 219.41

01

86
78

67

82

97
¢

19
34

42
49

25

ALPHA
{DEG)

-29.
-35.
-22.
~18.
~lgq.

67
2z
31
64
26

COORDINATE POINTS

COORDINATE POINTS



13 214.87 216.31 ~11.29
7 226.64 213.96 ~-7.61
8 238.53 212.37 -3.94
9 250.50 211.55 -.26
160 262.50 211.45 3.41
11 274,48 212.21 7.09
12 286.39 213.69 10.76
13 296.18 215.93 14 .44
14 309.80 218.9%2 18.11
1 321.21 222.65 21.79
16 332.35 227.11 25.46
7 343.18 232.26 29.14
18 353.67 238.11 32.81
19 363.75 244.61 36.49
20 373,46 251.75% 40.16
21 382.57 259.49 43.84
22 391.22 267.80 47.51
23 399.33 276.65 51.19
24 406.85 286.00 54.86
25 412.76 295.81 58.54
26 416.4¢C 3060.13
FAILURE SURFACE # 6 SPECIFIED BY 2§
SAFETY FACTOR = 1.993
X-CENTER = 277.06
Y-CENTER = 366.22
RADIUS = 174.67
POINT X~SURF ¥-SURF ALPHA
NO. (DEG)
kS 183.06 239.00 -30.59
2 193.39 232.89 -26.65
3 204 .12 227.51 -22.71
4 215.19 222.83 -18.78
5 226 .55 219.01 -14.84
6 238.15 215.94 -10.90
7 249.93 213.67 -6.97
) 261,84 212.22 -3.03
] 273.83 211.58 .91
10 285.82 211.77 4.84
11 297.78 212.78 8.78
12 309.64 214.62 12.72
13 321,35 217.26 16.66
14 332.84 220.70 20.59
15 344.08 224,92 24.53
16 154,99 229.90 28.47
17 365.54 235.62 32.40
18 375.67 242.05 36.34
19 385.34 249.16 40,28
20 394.49% 256.92 44.21
21 403.10 265.29 48.15
2 411.10 274.23 52.09
23 418.48 283,69 56.02
24 435,18 293.64 59.96
s 429.70 301.46
FAILURE SURFACE # 7 SPECIFIED 3Y 23
SAFETY FACTOR = 1.995
X-CENTER = 272.98
Y-CENTER = 371.05
RADIUS = 154.56
POINT X-SURF Y-SURF ALPHA

COORDINATE POINTS

CQORDINATE POINTS



NC.

W YD W

w

10
1l
12
i3
14
15
16
17
18
19
20
21
22
23

FAILURE SURFACE

SAFETY FACTCOR =

X-CENTER
Y-CENTER
RADIUS =

POINT
NO.

W W~ B R

[
-0

o
©owon

15
16
17
18
19
20
21
22
23
24
25
26
27

FAILURE SURFACE # 9 SPECIFIED BY

192.45 2335.00
202.53 233,15
213.83 228.14
225.08 223.98
236.63 220.71
248.40 212.35
260.31 216.90
272.30 216.38
284.29 216.80
296.22 218.14
308.00 220.490
319.58 223.57
330.87 227.63
341.852 232.55
352.35 238.30
362.40 244 .66
371,81 252,17
380.83 260.20
389.310 268.89
396.67 278.20
403.50 288.07
409.54 298.44
410.05. 283.50
# 8
2.000
= 258.28
= 411.¢2
200.69
X-SURP 7-SURF
154 .80 239.00
165.26 233,13
176.26 227.89
187.25 223.21
198.60 219.40
210.16 216.18
221,89 213.65
233.78 211.83
245.70 210.72
257.69 210.32
269.69 210.65
281.64 211.69%
293.51 213,44
305.26 215.90
316.84 219.06
328.20 222.50
339.32 227.42
350.15 232.59
360.65 238,40
370.78 244 .83
380.52 251.8%
389.81 255.44
398.63 267.57
406.96 276.22
414.75 285.34
421.58 294.92
426.C9 301,10

SAFETY FACTOR =

(DEG)

-29.
.71
-20.
~15.

-24

-11

-2

24
28
33
37

64

SPECIFIED BY

2.001

15

~
“

81

.37
-G,

92

.47
.97

6.
19.
15.
19.
.21
.65
.10
.55
41.
486,
50.
55.
5%.
.23

42
87
31
76

93
44
89
33
78

27 COORDINATE POINTS

ALPHA
(DEG)

-29.
.88
.44
-19.
.59
.16
-8.
-5,
-1.
.55
.97
.40
.83
15,
.68
22,

-25
~22

-15
-12

11

18

25
28

46

52

29

01

73
31
a8

25

10

.53
.96
32.
35.
3i3.
42,
.09
49.
.94
56.

38
81
24
56
52

a7

25 COORDINATE POINTS



X~CENTER = 257.42
Y-CENTER = 405.52
RADIUS = 181.15

POINT X- SURF Y-5URF ALFHA

NO. {DEG)

i 164.29 23%.00 ~-27.36

2 174.3%4 233.49 -23.76

3 188.93 228.65 ~20.16

4 197.18 224 .51 -16.57

5 208.59 221.08 -12.97

€ 220.18 218.40 -5.37

7 232.23 215.4% ~5.77

& 244.17 215.24 -2.18

g 256.186 214.78 1.42

1¢ 268.15 215.08 5.02

11 280.11 216.13 8.62

1z 291.937 217.93 13.21

13 302.70 220 .47 15.81

14 315.25 223.74 15.41

is 326.56 227.72 23.01

18 337.61 232.41 26.60

17 248.34 237.79 30.20

18 i58.71 243 .83 33.80

18 J6g.68 250.50 37.40

20 i78.22 257.79 40.99

21 387.27 265.66 44.59

22 395.82 274.0G9 48.19

22 403.82. 283.03 51.79

24 411.24 252 .46 55.39

25 416 .55 300.15
FAILURE SURFACE #10 SPECIFIED BY 21 COORDINATE POINTS
SAPETY PACTOR = 2.003
X-~-CENTER a 272.89

Y-CENTER = 34%.97
RADIVS = 134.35

POINT X-3URF ¥-SURF ALPHA
NO. (DEG)
1 187.14 239.00 -31.76
2 207.35 232.68 ~26.64
3 318.07 227.30 -21.52
4 229.24 222.90 -16.40
5 240.75 219.51 -l1.28
§ 252,582 217.17 -§.186
7 264.45 215.8% -1.04
8 276 .45 215.66 4.08
9 288.42 216.52 9.20
10 300.26 218.43 14.32
11 311.89 221.40 19.44
1z 323.20 225.39 24 .56
13 334.12 23¢.38 29.67
14 J44.55 236,32 34.78
15 354.40 243.17 38.31
16 363.60 250.87 45.03
17 372.08 259.36 S0.15
i8 379.77 268.87 52.27
19 386.61 278.43 60.39
20 382.54 2688.87 65.51

21 396.78 298.17



75.

15¢

225

300.

375.

450.

&00

$3

oo

.00

.00

00

00
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.00

.00
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AGEC S
Midvale UT s/n5206
CELL 7/LT/SEISMIC/WASTE +20

200(URFACES HAVE BEEN GENERATED
10 MOST CRITICAL OF SURFACES GENERATED
MINIMUM FACTOR OF SAFETY = 1.199

Y —AXIS




PROBLEM DESCRIPTION

BOUNDARY COORDINATES

~-SLOPE STABILITY ANALYSIS--
SIMPLIFIED JANBU METHOD OF SLICES
IRREGULAR FAILLURE SURFACES

CELL 7/LT/SEISMIC/WASTE +20

9 TGP BOUNDARIES
39 TOTAL BOUNDARIES

BOUNDARY X-LEFT
¥o.
1 .00
2 230.00
3 300,00
4 310.50
5 312.50
6 3%5.90
7 373,10
8 175.10
g 378,10
10 312.50
11 319.70
12 327,20
13 333.60
14 378.50
15 333.50
1 2§5.30
17 327.20
18 285,00
19 310.56
20 230,00
21 394.50
22 .0
23 .00
24 .00
25 .00
26 .00
27 .00
28 .60
29 .00
30 .00
31 .00
32 .06
33 .00
34 .00
35 .00
36 .00
37 .00
38 .00
39 )

Y-LEFT X-RIGHT T-RIGHT

238.00 230.00 239.00
239.00 300.00 267.00
267.00 310.50 267.00
267.00 312.590 267.00
267.00 365.20 293.70
283.70 273.10 297.30
297.30 375.10 237.30
287.30 378.10 296.30
296 .30 603.00 318.50
267.00 319.70 267.00
267.00 327.20 264.50
264 .50 333.60 264.50
264 .50 373.50 295.00
295.00 600.00 316.50
264.50 395.30 244.00
244.00 600.00 244.00
264 .50 395,00 242.0Q
242.00 600.00 242.00
287.00 384.50 2385.00
23%.00 354.50 239.00
239.00 600.00 235.00
236.00 600.00 236.00
234.00 600.00 234.00
230.00 600.00 230.00
R20.00 600.00 220.00
218.00 600.00 218.00
208.00 600.00 208.00
187.00 600.00 187.00
191.60 600.00 191.00
1B5.00 600.00 185.00
175.00 600.00 175.00
165.00 600.00 169.00
165.00 €00.00 165.00
153.00 600.00 183.00
149.00 600.00 149.00
140.060 600.00 14C¢.00
119.00 600.00 11s5.00
104 .00 600.00 104.00

33.00 600.00 932.00

ISOTROPIC SQIL PARAMETERS

8 TYPE({S) OF SOIL

SOIL TOTAL SATURATED COHESION FRICTION PORE

TYPE UNIT WT.
NO.

(D3G) PARAMETER

S0IL TYPE
BELOW BND

dm-Jm\]m\}m\)M\lm\]mdm\lﬂ\U\mwNNHHD#HNNHHI—‘HNNWNU‘I

PRESSURE

UNIT WT. INTERCEPT ANGLE PRESSURE CONSTANT

PIBZOMETRIC
SURFACE
NC.



1 120.¢ 1z2¢.0 100.0 28.0 .00 .0
2 110.0 110.0 270.0 28.0 .00 .0
3 130.0 130.¢ 4C0.0 34.0 .00 .0
4 120.0 120.¢0 100.0 25.0 .00 .0
5 130.0 130.0 200.0 30.0 .00 .0
[ 120.0 12¢.0 200.0 30.0 .00 .0
7 110.0 110.0 200.0 30.0 .00 .

8 110.0 1.0.0 20G.0 27.0 .00 .0

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

UNITWEIGHT OF WATER = 62.40

PIEZOMBTRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS

POINT X-WATER Y -WATER
NO.
1 .00 234.00
2 5C3.00 234.00

A HORIZONTAL EARTHQUAKE LOADING COEFFICIENT
OF .180 HAS BEEN ASSIGNED

A VERTICAL EARTHQUAKE LOADING COEFFICIENT
OF .000 HAS BEEN ASSIGNED

CAVITATION PRESSURE = .0

A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANLOM
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEBN SPECIFIED.

2500 TRIAL SURFACES HAVE BEEN GENERATED.

50 SURFACES INITIATE FROM BEACH OF 5¢ POINTS EQUALLY SPACED

ALONG THE GRCUND SURFACE BETWEEN X = .00
AND X = 230.00

EACH SURFACE TERMINATES BETWREEN X = 300.00
ARD X 600.00

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THEE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS IB ¥ = .00

12.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.

FOLLOWING APE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED, THEY ARE ORDERED - MOST CRITICAL

FIRST.

SAFETY FACTORS ARE CALCULATED BY THE MODIFISD BISHOP METHOD.

R T IR S



FAILURE SURFACE ¥ 1 SPECIFIED BY Z9 COORDINATE POINTS
I SAFETY FACTOR = 1.193
X-CENTER = 253.45
Y-CENTER = 429 .24
RADIUS = 22¢0.22
POINT X-SURF Y- SURF ALPHA
I NO. (DEG)
1 140.82 239.00 -28.20
2 151.29 233,15 -26.08
3 162.07 227.87 -22.95
4 17312 223.19 -15.83
5 1B4.41 219.12 -16.71
3 195.90 215.67 -13.59
7 207.57 212.85 -10.46
8 219.37 210.87 -7.34
l 3 231.27 209.14 -4.22
19 243.24 208.25 -1.19
11 255.21 208.03 2.03
12 267.23 208.4% 5.15
13 279.18 209.53 8.27
14 291.05 211.25 11.38
15 302.82 213.62 14.52
16 314.43 216.63 17.64
17 325.87 220.27 20.76
l 18 337.09 224.52 23.88
19 348.06 229.38 27.01
20 358.75 234.83 30.13
21 369.13 240.85 33.25
22 379.17 247.43 36.37
23 388.83 254 .55 39.50
24 398.C9 262.18 42.62
25 406.92 270.30 45.74
26 415.30 278.50 48.86
I 27 423.19 287.94 51.39%
28 430.58 297.39 55.11
29 433.70 301.8¢
I SLICE X DX DW jale] Dy DN DSr
NO.
I 1 143.5% 5.37 1046.76 .00 .00 2425.22 2193.89
2 147.97 3.58 1825.13 .00 .00 3383.78 2313.56
3 150.53 1.53 1034.73 .00 46.66 1781.3% 1150.02
4 154.51 6.43 5765.85 : .00 1083.86 7745.19 4923.99
5 155.90 4.35 5164 .34 .00 1530.65 5826.28 3284.31
6 167.60 11.05 17255.31 .00 6341.62 16153.14 8867.37
7 177.54 8.85 17647.22 .00 7280.47 14225.83 7615.44
8 1683.19 2.44 5413 .69 .00 2337.53 4324.70 2515.55%
9 185.27 3.73 89686 .33 .00 3752.73 6443.08 3752.78
10 192.02 7.76 19547.83 .00 8681.25 13908.82 7263 .68
11 201.73 11.66 32675.76 .00 14781.14 21530.82 11153.00
12 213.47 11.80 36301.52 .00 16652.56 22390.27 11518.28
13 224 .68 10.63 34787.69 .00 16065.60 20354.76 10439.84
14 230.62 1.27 4297.41 .00 1577.09 2521.490 1284.95
1s 237.25% 11.97 45362.68 .00 1BS47.38 27550.12 13711.32
16 249.23 12.00 5368B7.55 .00 19363.89 34552.80 16730.53
17 251.23 11.9% 61015.381 ,00 182921.06 41074.59 19459.50
18 273.20 11.95 6£7261.51 .00 18729.12 46831.16 21906.15
19 285.12 11.88 72357.33 .00 17679.65 51938.23% 24076.79
20 255.53 B8.95 57€24.69 LG0 12442.12 42402.2 15544 .59



21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
35
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
£5

201.
.66
3iy.
.47
.55
.22
.36
.45
.53
V0
.34
.58

206

313
3le
318
322
325
326
330
335
342

348,
353,
357,

359
363
3155

371
374

378
378

378.
37s.
3eQC.
384.
.46
402.
41i.
419.
426.
.58
433,

393

422

4l

S¢

67
21
24

.76
.34
.92
367.
.12
.10
ins.
.85
.30

54

45

T4
08
a7
590

51
11
24
89

14

FAILURE SURFACE

SAFETY FACTOR

X-~CENTER
Y-CENTER
RADIUS =

POINT
NO.

WM -l AW W

= 1.203
< 251.06
= 467.11

257.57

%-SURF - SURF
131.423 239.00
142.18 233.68
153.17 228.86
164.28 224 .56
375.77 220.738
187.32 217.54
195.02 214.83
210.82 212.70
222.71 211.10
234.67 210.08
246 .66 209.57
258.66 209.85
27C.64 210.28
282.58 211.47
254,46 213.22
306.23 215.51
317.89 218,36
329.40 221.74
340.75 225.65
3151.90 230.09
362.83 235.05

(V)] BN a

s
U X O w0y

N oW

[ SRS SRS A - I IRV BRI

.82
.68
.00
.93
.31
.96
.33
.B4
.32
.40
-45
.37
.22
.BS
.62
.02
213
.04
.18
.97
.00
.73
.28
.40
.49
.18
1
.B§
.28
.83
.37
. 8%
.33
.95
.13

18425.
43192,
.98
.73

12514
12065

27086.
.56
.75
.73
B542.
.63

6073
33933
5376

41306

22736.
.09

72385

§107.
.84

52298

10835,
.26
.00

13248
33846

2835,
.39
.87

21053
25842

12737.
.21

4432

13881,
.25

2371

2886.
10s52.
10483,
42736.
.13

43863

34438
25125,
16102.
.01

7553

676.
101.

# 2 SPECIFIED BY

16

18

EL:]

92

B5

43

33

23

o7

81
81
77
18

§1
03
76

86
36

31

ALPHA
(DEG)

-286.
-23.
-21.
.33
-15.
.98
~-10.
.85
-4.
-2.
.36
.03
.70
.37
1l.
.70
16.

-18

.12

-7

13

19

24

34
67
00
66
32

28
31

03

37

.04
21.
.38
27.

71

05

.00
.00
.00
.00
.00
.00
.00
.00
-00
.09
.00
0D
.00
.00
.00
.00
.00
. Q0
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

COORDINATE POINTS

3703

2135
4704

761

1187.
5131.
2361.
.32

5279

367.
1035,
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.Qo
.00
.00
.00
.00
.00

.71
9599.
2337.
.49
.86

296,
5181.

.85

87
06

46
60

42
75

~
L

83
36

.00
.00
.00
.00

i381z.
36813.
9450
7172,
208682,
4616 .
26128.
4258.
6759,
33252.
18704 .
61445,
7081.
45647,
2640 ..
11973.
30136.
254.
17811.
21816.
10744.
3735,
12546,
2141.
2807,
966
$710.
40791.
42417.
33786.
24995.
16142.
7334
492.
-35.

56

48

16
02
53

§349.
.39

16973

4365,
4231.
9544,
.34
.45
.63

2391
13516
1956

3110.
.96

15274

83572,
28117,
3228.
Z3453.
4946 .
.17

6156

15502.
.68

120

11252,
.12

13857

6B843.
.58

2385

6180.
.74

1657

1288.
146,
.BS

4493

1668¢0.
Z7500.
14142.
10723,
7280.
3853.
482,
148.

B9

49
63
51

24

40
43
14
0%
85

26

15

a8

37

13
10

&5
23
77
67
12
75
Q2
36



22 373.51 240.51 29.72
23 383.93 246 .46 32.39
24 394.07 252.88 35.06
23 403.88 2592.78 37.7%3
26 413 .3E 267.12 40.490
27 422.52 374 .90 43.07
28 431.28 283.0% 45.74
39 438.6¢6 291.6% 48.41
30 147.63 300.65 51.08
1 449.91 303 .48

FAILURE SURFACE # 3 SPECIFIED BY 29 COORDINATE POINTS

SAFETY FACTOR = 1.204
X-CENTER = 235.26
Y-CENTER = 4323 .44
RADIUS = 225.62
POINT X-3URF Y- SURF ALPHA
NO. (DEG)
1 140.82 239.00 -28.96
z 151.32 233.19 -25.91
3 162.11 227.35 -22.86
4 173.17 223.25 -19.81
5 184 .45 213.22 -16.76
€ 195.95 215.76 -13.72
7 207.6% 212.91 -10.67
g8 219.4¢ 210.69 -7.62
9 231.29 209.10 -4.57
16 243.25 208.14 -1.53
11 255.25 207.82 1.52
12 267.25 208.14 4.57
13 279.21 209.10 7.62
14 291.10 210.69 10.67
is 302.89 212.91 13.71
16 314.55 215.75 16.76
17 326.04 219.21 19.81
18 337.33 223,28 22.86
19 348.39 227.34 25.90
20 359.18 233.113 28.985%
21 3169.68 238,493 32.00
22 379.86 245.35 35.05
23 389.69 252.24 38.10
24 3199.13 259.65 41.14
25 408.17 267.54 44.19
26 416.77 275.931 47.24
27 424.92 284.72 50,29
28 432.58 293.95 53,33
29 438.85% 302.33

FAILURE SURFACZ # 4 SPECIFIED BY 27 COORDINATE POINTS
SAFETY FACTOR = 1.208
X-CENTER = 258.28

Y-CEWTER = 411.02
RADIUS = 200.69

POINT X-SURF Y-B8URF ALPHA
NOG. (DEG)

1 154.90 239.00 -25.29

2 185.36 233.13 -~25.86

3 176.16 227.89 -22.44

L] 187.25 223.31 -19.01

5 138.6¢ 219.40 ~15.53



25
28
27

210.186 215.18
221 .89 213.65
233.7¢ 211.83
245.70 210.72
257.639 210.233
265.69 210.65
281.64 211 .89
2%3.531 213.44
305.26 215.9G
316.64 219.06
328 .2¢C 222.96C

339.32 227.42
330.15 232.53
360.65 2328.40
310,78 244 .83
3e0.82 251.85

389.81 259.44

398.63 267.57
406,98 276.22
414.75 285.34
421.98 254.92
426.909 301.10

~12
-8
-8

11
15

13.
22,
25.
28.
32,

35

42
46

FAILURE SURFACE # 5 SPECIFLED BY

SAFETY FACT(R = 1.208

X-CENTER =» 261.87
Y-CENTER = 468.53

RADIUS =

POINT
RQ.

[
LS I e L T T - . SRS s S IOV O S I N

WM KRN MM RN H R R
O\()CD'Q‘J\U“"‘-JK\'Ia-‘O\Om<JG\,U’!-U~LJ

257.34

X~8URF ¥-8URF

145.5% 23%.00
156.34 233.82
167.39 229.16

178.66 225.02
190.10 221.40
201.70 218.32
213.43 215.79
225.26 213.81
237.18 212.38
248.14 211.50
261.14 211.19

273 .14 211. 44
285.11 212.24
297.03 213 .80
3cg. 38 215.52
320.62 217.38
332.24 221.00
343.70 224.54

354.39 228.62
366 .07 233.23
76.92 238.34

387.53 243.95
397.8§ 250.06
407.50 256 .63
417.62 263.67
427.00 271.15
136.02 279.07
444.67 287.39
152.91 296.11
460,24 304.51

.16
.13
.31
-1.
.55
.97
8.

[:3:)

40

.83

.25

68
0
53
96
38

.81
39.

24

.66
.09
49.
52,

56.

52
24
37

30 COORDINATE POINTS

ALPHA
{DEQ)

-4

25
27

33

41

43
46

FAILURE SURFACE # 6 SPECIFIED BY

.55
.88
.20
.53
.86
.13
.52
1
.17
.50
.17
.84
.52
.19
.86
.53
.20
.88
.55
.22
.89
30.

56

.24
35.
aB.

91
58

.25
.92
.60
48,

27

30 COORDINATE POINTS



SAFETY FACTOR = 1.212

X-CENTER = 237.7%
Y-CENTER = 445.99
RADIUS = 237.14

POINT X -5URF Y- SURF
NO.

1 122.04 239.020
2 132.66 233.41
3 143.558 228.37
4 154.68 223.88
5 166.02 219.396
[

177.58 216 .62

7 188.213 213.87
3 201.03 211.71
9. 212.93 219.16
10 224 .83 208.20
11 236.89 208.88
12 246.88 209.12
13 260.85 209.98
4 272.78 215.45
15 284.58 213.52

is 296.28 216.18
17 207.83 219.45
13 312.20 223.28
19 33G¢.37 27.689
20 341.29 232.65
21 351.3% 236.16
22 362.32 244.20
23 372.37 250.76
24 38z.07 257.82
23 351.40 2865.36
286 400.34 273.37
27 408.87 281,81
28 416.96 290.68
29 424.58 299,83
30 425.39 301.03

ALPHA
(DRG)

~27.
.86

-24

-21.
-18.
-16.
.26
.36
.46
.56
.66
.24
.14
.04
.94
-84
15.
.64
.54
.44
.34
.24
.14
.04
.94
.84
.74
.63
+53
.43

~13
-10

FAILURE SURFACE #& 7 SPECIFIED BY

SAFETY FACTOR = 1.213

X~-CENTER = 257.36
Y-CENTER. = 358.53
RADIUS = 187,11

FOINT X-SURF Y- SURF
KO,

1 159.59 239.00
2 170.02 232.08
3 180.81 227.80
4 131.82 223.25
5 203.28 219.41
1) 214.87 216.31
7 226 .64 213.98
8 238.53 212.37
8 250,50 211.55
10 262 .50 211.489
11 274 .48 212.21
12 286 .39 213.69
13 298.18 215.93
14 309.80 318.92
15 321.21 222.65
16 332.35 227.11

3

343.18 232.26

7%

96
06
16

74

26

ALPHA
(DEG)

-29.
~25.

-22

~14
~13

67
99

.31
~18.
.98
.29
.61
.94
.28
.41
.08
.76
-44
.11
21,
25,
29.

&4

79
46
14

COORDINATE POINTS



18
19
20
21
22
23
24
23
26

353
363
373

382.
383,
389.
406.

413
416

.67
.15
-40
57
22
33
85
.76
.40

a23e,
.61
.75
259.
267.
276
285,
285.
300,

244
251

-
L

49
BO
&5
o0
81
13

32.
.49

35

40.
43.
47.
51.
54.
.54

53

FAILURE SURFACE # 8 SPECIFIED BY

SAFETY FACTOR = 1.220
X-CENTER = 249.17
Y-CENTER = 465.83
RADIUS = 292.27
POINT X-SURF ¥ - SURF
NO.
1 96.57 233,00
2 108.71 232.58
3 119.13 226.62
4 129.7¢9 221.12
5 149.69 216.10
6 152.80 11.54
7 162.190 207.52
8 174.58 203.58
[ 186.18 200.55
10 197.91 198.43
11 209.74 186.43
12 221.65 194,55
13 233.61 154.00
14 245.60 153.58
15 257.60 193.69
16 269.59 124.33
17 281.53 195.49
18 293 .41 197.18
19 305.z21 19%.39
20 316.89 202.12
21 328.45 205.36
2z 339.85 209.10
23 351.07 213.35
24 362.10 218.08
25 372.90 222.30
26 383.47 228,99
27 393.77 215.14
28 403.80 241.73
23 413.52 248.76
30 422.93 256 .22
31 432.00 264.08
32 440.71 272.33
33 449.05 280.95
34 457.00 289.24
35 464.55 299.27
36 469.08 305.4¢

81

16
B4
51
19
B6

38

ALPHA
{DBG)

~32.
-29.
-27.
.74
.22
.69

-24%
_ny
-18

-17.
.64

-14

-1z,
-9.
-7.
~4,
-2.

.51

.04

.56

.08

.61

.14

.87

.19

.72

.24

.77

.29

.82

.34

.B7

.33

.52

.45

.87

.50

.02

.58

FAILURE SURFACE # 9 SPECIFIED BY

SAFETY FAQTOR =

X-CENTER
Y-CENTER
RADIUS =

POINT
ND.

3

1.221

236.75
512.66

302.45

X-SURF

¥-8URE

32
79
27

17

11
59
06
54
01

33

ALPHA
{DEG)

COORDINATE POINTS

COORDINATE POINTS
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-

24
25
26
27
28
29
30
31
32
33
34
35

75.

150.

225.

300.

375.

450.

525.

600.

366,
377.
.95
358,
408,

387

418

438

454

¥

53,

co

[d¢]

00

a0

3y

€2

00

Do sx %

38
26

44
62

.73
428.
.0¢
447,
4356,
.82
465 .

48

23
i8

42

o0

236,
241.
247,
253.
259.
266.
273.
280.
288.
296,

304

30s5.

168

*h ok

81
96
41
26
13
&
03
36
03
03
.35
G4

.00

khkxdwdk dkwk

24.
27.
29.
31.
33.
35.
37.
3%,
41.
43.
46.

243

.00 318.

R BRI LT L R 1T S

oo 393.00

468.00
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CELL 7/LT/STATIC/WASTE +20

2O0URFACES HAVE BEEN GENERATED
10 MOST CRITICAL OF SURFACES GENERATED
MINIMUM FACTOR OF SAFETY = 1.636

&
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PFROBLEM DESCRIPTION

--SLOPE STRBILITY ANALYSIS--
SIMPLIFIED JANBU METHOD OF SLICES
IRREGULAR FAILURE SURFPACES

BOUNDARY COORDINATES

5 TOP
33 TOTAL BOUNDARIES

BOUNDARY

NG,

PRI T B NN ISR

P RS e b SRS e R R b
Wm AU b WK - O ®

20
21
22
23
24
25
26
27
28
28
38
31
32
33
34
35
36
37
38
39

BOUNDARIES

X-LEFT

230.00
300.00
3i0.59
312,50
355.990
373.10
375.10
378.1
312,59
315,70
327.20
333.860
378,359
333.60
395,30
i27.20
395,060
3106.5C
23C.0C
394 .50
.09
.40
.Go
.00
.00
.00
.00
]
.00
.00
LD
]
.00
.00
.0C
.00
.00
.00

-0

233.
235.

267
267

267.
293,

287

257.
226.
267.
267.
264%.

264

295.

264

244.

2G4

z42.

267.

239
233
236
234
23¢
220
22

2Q8
197
181
18%

175.

169
155
153
149

140.
118.

104
93

ISOTROPIC SCIL PRZRAMETERS

8 TYPE({S) OF SOIL

SOIL
TYPE OUNIT WT. UNIT Wr.

NO.

TOTAL

SATURATED

EFT

00
00
.00
. G0
09
70
.30
30
30
00
00
50
.50
00
.50
00
.50
00
00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
00
.00
.00
.00
.00
00
00
.00
.00

X- RIGHT

230,

300

373

600

395

394

600

600
600

600
600

600

600

00

.00
310.
312,
385.
.10
375,
378.
600.
319,
327.
333,
378.
.00
395.
600.

50
50
g0

10
10
[t}
70
20
60
50

30
00

.00
600.
394.
.50
600,
600,
600,
§00.

00
50

00
00
o0
00

.00
600.
600.
600.

00
00
00

.00
.00
600,

o0

.60
.00
600,
600.
600.

4]
a0
00

.00
600.

00

.00

CELL 7/LT/STATIC/WASTE +20

¥-RIGHT

239.
267.
287.
267.
293.
297.
297.
296.
318.
267.

264

264.
295,
316.

244

244.

242

242.
239.
239.
238,

236

234.
230.
220.
218.
208.
197.
1381.

185
175

169.
165.
153.
142,
140.
119.
104,

93.

COHESION FRICTION
INTERCEPT

ANGLE
(DEG)

PRESSURE CCNSTANT
FARRMETER

00
00
g0
00
70
30
30
30
50
oo
.50
50
00
50
.00
[e]a]
.00
Q0
00
Q0
00
.00
00
00
00
00
a0
00
00
.00
.00
My
oe
00
00
oo
oo
GO
00

PORE

S0IL TYPE
BELOW BND

N0 N0 dEdE 0wV AW NN R R b R NN R R RN W W

PRESSURE

PIEZOMETRIC
SURFACE
NO.



1 1z20.0 120.6 100.0 28.0 .00 .0
2 1:10.0 110.0 270.0 28.0 .00 .0
3 130.0 130.0 400.0 34.0 .00 0
4 120.0 120.0 160.0 25.0 .00 .0
5 130.0 130.0 200.0 30.0 .00 .0
) 120.0 120.0 200.0 30.0 .00 .0
7 110.0 110.G 200.0 30.0 .00 .0
8 1.0.0 110.0 a00.0 27.0 .00 .0

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

UNITWEIGHT OF WATER = 62.40

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS

POINT A-¥ATER W-WATER
NO.
1 .00 234.00
2 690.00 234.00

A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM
TECHMNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED.

2500 TRIAL SURFPACES HAVE BEEN GENERATED.

S0 SURFACES INITIATE FROM ERCH OF 50 POINTS EQUALLY SPACED

ALONG THE GROUND SURFACE BETWEEN X = 280.00
AND X = 320.00

EACH SURFACE TERMINATES BETWEEN X = 350.00
AND X = 400.00

UNLESS FURTHER LIMITATIONS ﬁERE IMPOSED, THE MINIMUM ELEVATICN
AT WHICH A SURFACE EXTEXDS IS8 Y = .00

5.00 FPT. LINB SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.

FOLLOWING ARFE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FATILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL

FIRST.

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD.

FAILURE SURFACE # 1 SPECIFIED BY 17 COORDINATE POINTS

SAFETY FACTOR = 1.636
X-CENTER = 323.73
Y-CENTER = 333.03
RADIVS = §7.10

[ S TR R S



POINT
NO.

o
Hoxcmqmmhuwy

3

Ll ol ol Sl
~ A B i

SLICE
NO.

VO DN W e

10
11
12
13
14
15
i6
17
18
19
290
21
22
23
24
25
28

W D W W
U td b N B

[

(o (o
LE I
[ s s W A

L
(524
n

359.7
363.
367.7
371.
374.
377.
378,

312
314
318

320.
322.
324.
3239,

334

337.
338,
343.

348
353
357
361

364,

366

389.

372
373
374

An6.
378.
378.
378.

379

.17

.84

.24
74
28
78
27
.23
37
81
35
.65
.22

.62 -

.33
Edy
.84
(3Y
.28
.35
.85
s
oo
30
74
.47

FAILURE SURFACE

SAFETY FACTOR

X-CENTER
7-CENTER
RADIUS =

DOINT
NO.

AN

= 1.643
= 327.86
= 326.07

£..45

X-SURP ¥-SURF
211.02 267.060
315.88 263.82
32C.82 265.04
325.80 264.66

Y -SURF

267,
.30
265.
.01
42
.20
263.
267%.
271,
273.
276.
279,
282.
285.
289,
.46
296 .

266
266

266
267

283

LR R N LA N N LR - S RN SR

co

87

35
1]
72
92
as
25
43
85
53

49

3.4

.56
.29
.91
.08
.00
.00
.98
- 94
.35
.51
.77
Gd
.43
-31
<11
.01
.88
.65
.67
.71
.29
.81
‘1%
.40
.48
.37

ALPHA
{D2G)

-8
-3

4.
3.
13.

17

21.

26

30.

34

38.

43

47.

51

55

3

693.

1176
1161

650.
3144,
5026 .

6003
17587

4940.

72586

7476 .
74CE .
7066.

6424

3008,

2823

4994,
2030.
1784,

264

17536,

63

108.
96 .

78

# 2 SFRECIFIED BY

AL
(D

-13
-9
-4

.07
.80
.47
74
01
28
.55
a2
.09
36
.63
91
.18
45
.72
.89

DR

.43
17
.09
.03
12
74
08
.50
.42
51
.22
92
85
24
.29
T0
.30
36
26
52
.37
05
.21
49
37
.13

b3

PHA
BG)

.67
.01
.34
.32

DQ

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.60
.00
.00
.00
.00
.00
.00

DU

.00
.00
.0Q
.00
.00
.0
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

CCORDINATE POINTS

20

840 .
1237.
1212,

€47.
.09

3131

4844.
5656.
.90
4707,
6892,
7119,
7105.
6864.
§407.
3039.
2852.
5177.
.89

1664

2165

1885.
.82

286

1800.
57.
.07
66.
~11.

92

DN

.07

19
41
59
66

33
12

84
14

a
4

77
24
93
67
S4
15

11

B8
50

47
e3

117

2663

1562

2270.
.94
2331.
2262.
.23
1024.2

960.
.38
763.
691.
116.
790.

37.

69,

71.
102,

2334

2132

1781

.08
987.
864 .
737.
375.

1677,

2333,

.64

770.

.60

76
090
56
51
93
79

65

33

14
29

el d

94

50
87
42
32
46
56
40
24



8 330.80 264.68 4.98
6 335.78 265.12 9.64
7 340,71 265.96 14.31
8 345.5% 267.19 18.97
9 350.29 268.82 23.63
10 354.87 270.82 23.30
11 359,27 273.13% 32.96
12 363.46 275.91 37.62
13 367.43 278.96 42.28
14 372.12 282.13 46.55
15 374.54 283.98 51.61
15 3177 .64 289.30 56.27
17 380.42 294 .06 §0.94
18 381.387 296 .58
FAILURE SURFACEZ # 3 SPECIFIED BY 18
SAFRETY FACTOR = 1.643
X~CENTER = 328.45
Y-CENTER = 128.85
RADIUS = 64.04
POINT ¥-SURF Y-SURF ALPHA
NO, {DEG)
1 311.84 267.¢0 -12.80
2 316. 71 265.69 -8.32
3 321.66 265.17 -3.85
4 326.4% 264.83 .63
5 331.55 264.89 5.10
8 336.62 265.312 9.58
7 341.%6 266.17 14.05
8 346.41 267.38 18.53
9 351.15 268.97 23.00
10 355.75 270.92 27.47
11 360.19 273.23 31.95
12 364.43 275.87 36.42
13 368.45 278.84 49.90
14 372.23 182.12 45.37
15 375.75 285 .67 49.85
15 378.97 289.50 54.32
17 381.89 293.56 58.79
18 383.90 296.88
FAILURE SURFACE # 4 SPRECIFIED BY 17
SAFETY FACTOR = 1.645
X-CENTER = 323.39
Y-CENTER = 331.13
RADIUS = 55.31
POINT X-SURF Y-SURF ALDPHA
NG. (DER)
1 311,02 267.00 -8.73
2 315,96 266.24 -4.34
3 320.95 265.86 .05
4 325.95 265.87 4.44
5 330.93 266.25 8.82
6 335,87 267.02 13.21
7 340.74 268.1 17.60
8 345.31 269.68 21.93
9 350.14 271.55 26.37
10 354.62 273.77 30.76
11 358.92 276.33 35.15
2 363,01 279.20 39.53

COORDINATE POINTS

COORDINATE POINTS



13 366 .87 282.39 43 .92
14 370.47 285.85 48.31
15 313.79 185.59 52.70
16 376 .82 293.57 57.08

17 378 .63 296 .35

FAILURE SURFACE # S SPECIFIED BY 18 COORDINATE POINTS

SAFETY FACTOR = 1.645
X-CENTER = 325.88
Y-CENTER = 341.41
RADIUS = 75.82
POINT X-SURF Y-SURF ALPHA
NO. {DEG)
1 312.65 - 267.08 -8.27
2 117.60 266.36 -4.48
3 322.588 265.987 ~.68
4 327.59 265.91 3.11
5 332.58 266 .18 6.91
6 337.54 266.78 10.70
7 342 .45 267.71 14 .49
8 347.30 268 .56 18.29
9 352.04 279.53 32.08
10 356.68 272 .41 25.88
11 261.18 274.59 29.67
12 265.52 277.07 33.47
i3 369.55 275 .82 37.28
14 373.67 282 .85 41.05
15 377.44 286.13 44.85
16 380.89 289.66 48 .64
17 384.29 253.41 52.44
18 337.131 287,21

FAILURR SURFACE # & SPECIFIED BY 18 COORDINATE POINTS
SAFETY FARCTOR = 1.648

X-CENTER = 324 .83
Y-CENTER = 338.5¢

RADIUS = 72.95%

POINT X-EURF ¥-SURF ALPHA
NO. {DEG)
1 310.20 267.00 -9.48
2 315.14 266.18 -5.58
3 320.11 265.69 -1.63
L3 325.11 265.55 2.30
5 330.11 265.75 €.23
6 335.08 266.29 10.16
7 340.00 267.17 14.08
8 344 .85 268.39 18.01
9 J45.€0 269.94 21.5%4
10 354.24 271.890 25.387
11 356.74 273.9% 29.7%
12 363.08 276.47 32.72
13 367 .24 279.25 37.65
14 37.5.20 282.30 41.58
15 374.94 285.62 45.51
16 378.44 288 .19 45.43
17 381.69 292.98 53.36

18 384.65 256.85

PAILURE SURFACE # 7 SPECIFIED BY 17 COORDINARTE PDINTS



COORDINATE POINTS

COORDINATE POINTS

SAFETY FACTOR = 1.652
X-CENTER = 325.37
Y-CENTER = 324.88
RADIUS = 59.83
POINT X-SURF Y-SURF ALPHA
HO. (DEG)
1 310.2¢ 267.00 -12.28
2 315.08 265.94 -7.49
3 320.08 265.28 -2.70
4 225,04 265.05 2.09
5 330.04 265.23 6.88
6 335.00 265.83 11.67
7 339.32¢ 266.84 16.46
8 344.569 268.26 21.25
9 349.35 270.07 26.04
10 352.83 272.25 30.83
11 358.14 274.82 35.62
12 362.21 277.74 40.41
13 366.01 280.58 45.20
14 363.54 284,52 49.99
15 372.75 288.35 54.78
16 375.6% 292.44 59.57
17 377.94 296 .35
FAILURE SURFACE # 8 SPECIFIED BY 16
SAFETY FACTOR = 1.656
X-CENTER = 326.59%
Y-CENTER = 328.55
RADIUS = 61.24
POINT X-~SURF Y-SURF ALPHA
NO. (DEG)
1 315.10 268.30 -B,46
2 326.03 267.57 -3.78
3 325.04 267.24 .89
4 330.04 267.31 5.56
5 335.01 267.80 10.23
6 339.53 268.869 14.90
7 344.76 269.97 19.58
5 349.48 271.65 24.25
9 354.03 273.70 28,92
10 358.42 276.12 33.59
11 362.58 278 .89 38.26
12 366.50 281.98 42.94
13 370.26 285.39 47.61
14 373,83 28%.08 52,28
15 376.39 293.04 56.95
16 379.76 296,37
FAILURE SURFACE # 9 SPECIFIED BY 17
SAFETY FACTOR = 1.657
X-CENTER = 329.55
Y-CENTER = 321.84
RADIUS = 55.46
POINT X~SURF Y-SURF ALFHA
NG . {DEG)
315.10 268,30 -12.52
2 319.98 267.23 ~7.35



WAy b W

10
11
12
i3
14
15
16
17

324.
328.
334,
33%.
344.
349,
.07
358.
362.
.47
370.
-3¢
375.
378.
378.

354

366

373

54
94
53
8g
78
49

45
53

0=
13

0
8¢

266
266
2646

267.

268

270.
272.

274

277.

280
283
287

291.

296
2%6

.58
.38
.65
36
.51
cs
ic
.51
30
.46
.96
.78
84
.18
.37

FAILURE SURFACE #10 SPECIFIED BY

SAFETY FACTOR =

X-CENTER
¥-CENTER
RADIUS =

POINT
NO.

W 3R S WN

| ol ol el
o -J b NP O W

1.658
- 330.48

= 327.33

§2.22

X-SURF ¥ -SURF
313.47 267 .48
318.33 26§ .31
323.27 255.53
328.25 255.15
333.25 265.18
338.24 265.60
343.17 266.42
348.02 267 .64
352.76 265.24
357.35 271.22
361.77 273.56
365.98 276.24
369.97 279.25
373.70 282.58
377.16 286.20
380.31 280,08
383.1 294.20
384.73 296,96

.18
.98
-
.32
.48
.65
.82
.99

-
5]

n
-

.43
.66
.83
.00

18

ALPHA
{DEG)

~-13
-8
-4

23

27.
32.
37.
41.
46.
50.
55.
60.

.56
.85
.35
.26
.86
.47
14.
18.
.28

07
&8

B9
50
10
71
3l
92
52
12

COORDINATE POINTS
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250BURFACES HAVE BEEN GENERATED
10 MOST CRITICAL OF SURFACES CENERATED
MINIMUM FACTOR OF SAFETY = 1.128
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Y—AXIS

243.
1
i
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|
1

PROBLEM DESCRIPTION

~-SLOPE STABILITY ANALYSIS--
SIMPLIFIED JANBU METHOD OF SLICES
TRREGULAR FAILURE SUEFACES

BOUNDARY COORDINATES

9 TOP

BOUNDARY

NO.

WO\ WOR)

WHE R EE R E
CVBIRUE LR RO

21
22
23
24
35
26
27
28
29
3¢
31
iz
33
34
35
36
37
38
39

BOUNDARIES
39 TOTAL BOUNDARIES

X-LIFT

230.
300.

310

312,
365,

373
375

378.

3i2

3ls.
327.
333.
378.

333

195,
327.
385,
310.
230.
394,

.00
[1ze)
.50
50
50
.10
.10
10
.50
7¢
20
50
50
.60
30
20
[€3¢]
0
09
S0
.00
.00
.00
.00
.00
.00
.00
.00
.00
.0C
.00
.00
.00
.00
.00
.00
.00
.00

Y-L

239,
239.

267

267.
267.

293

297.

297

255,
267.
267.
264 .

264

235,
264,

244
264
242

267.
239.
239.

236
234

230.
220,
218.
208,
197.

1351
185

175,

169
155
153

149.
140.
116.

104
32

ISOTROPIC S0IL PARAMETERS

50

8 TYPE(S)

IL

TOTAL

OF SOIL

SATURATED

TYPE UNIT WT.
NO.

UNIT wT.

EFT

co
00
.00
00
00
.70
30
.30
30
00
ca
50
.50
00
50
.00
.50
.00
00
[v44]
00
.00
.00
00
00
00
00
00
.00
.00
00
.00
.00
.00
00
00
oy
.00
.00

X-RIGHT

230.
.00
310.
312.
365.
373.
375.
378.
600.
319.
.20
.60

300

a7
333

378.
600.
395.
600.
385,
600.
394.

394

600
600

600
600

600

0o

50
90
i0
10
10
00
70

50
00
30
[
00
GO
50

.50
600.
.00
.00
600.
600.
600.
600 .
<00
.00
500.
600.
600.
.00
600.
600.
500.
6090.
600.
600.

0o

00
o0
00
00

00
e0
00

0o
00
a0
co
[o1¢]
c0

CELL 7/LT/SEISMIC/WASTR +20

¥-RIGET

239.
267.
267.
267.

2393

287.
2%7.

295

318.
267.
264.
264.
295.
3l6.

244

244,
242.

242

239.
239.
233.

236
234

230.
220.
218.
208.
197.

191

185.
175.
169.

165

153.
149,
14¢.
i18.

104
23

COHESION FRICTION
INTERCEPT

ANGLE
{DEG)

PRESSURE CONSTANT
PARRMETER

00
Qo
00
00
.70
30
30
.30
50
00
50
50
00
50
.00
a6
00
.00
0o
00
00
.00
.00
90
00
00
00
00
.00
4}
00
00
.00
[ele}
Q0
00
00
.00
.00

PORE

SOIL TYPE
BELOW BND

NONENE L0000 AN W RN S R NN R e N W W

PRESSURE PIEZOMETRIC
SURFACE
NO.



1 120.0 120.0 100.0 28.0 .00 .0
2 110.0 110.0 270.0 28.0 .00 .0
3 130.0 130.0 400.0 34.0 .06 .0
4 120.0 120.0 100.0 25.0 .00 .0
s 130.0 130.0 200.0 30.0 .00 .0
3 120.0 120.0 200.0 30.0 .00 .0
7 11c.0Q il0.0 200.0 30.6 .00 .0
8 lic.¢ 110.0 200.0 27.0 .00 .0

1 PIEZOMETRIC SURFACE![S} HAVE BESN SPECIFIED

UNITWEIGHT OF WATER = 62.40

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS

POINT X-NATER Y -WATER
NO.
1 Y 234.00
2 6G0.00 234,00

A HORIZONTAL EARTHQUAKE LOADING COEFFICIENT
OF .180 HAS BEEN ASS3IGNED

A VERTICAL ERRTHQRUAKE LOADING COEFFICIENT
OF .000 HAS BEFK ASSIGNED

CAVITATION PRESSURE = .0

A CRITICAL FAILURE SURFACE SEARCHING METHCD, USING A RANDOM

TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED.

2500 TRIAL SURFACES HAVE BEEN GENERATED.

50 SURFACES INITIATE FROM EACH OF 50 POINTS EQUALLY SPACED

ALONG THE GROUND SURFACE BETWEEN X = 280.00
AND X = 320.00

EACH SURFACE TERMINATES BRTWEEN X = 350.00
AND X = 400.00

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS I8 Y = .00

5.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.

FOLLOWING ARE DISPLAYED THE TEN MCST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL

FIRST.

O g

[



SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHCD.

FAILURE SURFACE # 1 SPECIFIED BY

SAFETY FACTOR = 1.128
X-CENTER = 325.98
Y-CENTER = 341,41
RADIUS = 75.52
POINT X-SURF Y-SURF
NO.
1 312.65 267.08
2 317.865 266.36
3 322.5% 255.97
4 327.5% 265.91
5 332.58 266.18
6 337.54 266.78
7 342 .45 267.7
8 347.3¢C 268.96
9 332,04 276.53
10 356,68 272.41
11 361.18 274.59
12 365.52 277.07
13 369.69 279.82
14 373.67 282.85
15 377.44 286.13
16 380.99 289.56
17 304.29 293.41
18 387.21 297.21
SLICE X DX
NO.
1 312.92 .53
2 315.35 4.42
3 318.65 2.1¢
4 321.14 2.89
5 322.19 .22
6 325,29 $.76
7 335.03 4.99
8 334.70 4.25
9 337.19 .71
10 340.00 4.91
11 344.88 4.84
12 349.67 .75
13 354.36 4.63
14 358.92 4.50
15 363.35 4.34
18 365 .71 .38
17 167.80 3.79
i8 371.40 3.41
19 373.39 .57
20 374.39 1.43
21 376.27 2.34
2 317.97 .65
23 378.30 .40
24 378.74 2.49
25 382.64 3.30
2 385.13 1.79
27 366.64 1.14

18 COORDINATE POINTS

ALPHA
(DEG)

-8.

-4

10.

14

18.
22.
25.
29.

33

37.
41.
.85

44

8.

52

B59.
877.

1663

148.
3836,
5352

5456

987.
7376.
‘8024

8540

8719.
8639.
831e,

721,

7312

6270.

1003

2372.
3312.
787,
447.
2397.
2068.

521
92

FAILURE SURFACE # 2 SPECIFIED BY

27
.48
.68
11
.91
70
.49
29
08
88
&7
.47
26
05

64
.44

DW

.84
15
35
.80
50
61
.10
72
58
91
.19
.99
59
24
04
75
.17
83
.28
52
71
14
3s
29
28
.58
.82

Do

.00
.00
.co
.00
-Q0
.00
.00
.00
.00
.Go
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.Co
.00
.00
.00
.00

by

.00
.00
.00
.00
.00
.00
.Q0
.00
.00
.00
.00
.00
Do
.00
.04
.ge
.00
.00
.00
.00
.00
.00
-0o
.00
.00
.00
.00

19 CCORDINATE POINTS

30.

1098
954

3052

728.
412.

2177
1787
335
~38

DN

56

.92

.71
1789.
149.
3832.
5163.
5082.
240.
6885,
T445.
7785.
7904.
73818.
7541
658.
6675 .
5774.
922,
2205.

14
98
53
53
14
03
70
42
01
13
19
83
47
27
02
20

-
<

.64
56
35
.52
.14
.80
.71

DSt

141.
.71
954,
.50

122,
299¢8.
.40

1587

1538

3631

3421 .
.19
3280.
3523.
.19
3711.
.15
35¢61.
312.
3162.
2767.
344.
10890.
1537.
383.
220.
1211.
.26
.88
146 .

452

3662

3676

iise2
358

Bl

12

42
33

-
-

35
43

44

64
TL
90
20
8%
D4
79
71
52
18

88



SAFETY FACTOR = 1.132
X~CENTER = 3125.41
Y-CENTER = 349.26
RADIUS = 82.64
POINT X-SURF Y- SURF
NC.
1 313.47 267 .48
2 318. 44 266.91
3 323.43 266 .64
4 328.43 266.67
s 333.42 267.01
'3 338.38 267.64
7 343.23 268 .57
8 348.14 269,80
9 352,90 271.32
10 357.5€ 273.123
11 362.11 275.21
12 366.52 277.57
13 370.78 280.18
14 374.37 283.35
15 378.75 286.17
16 ©  382.59 289,51
17 386.01 293.¢7
18 389.3¢ 296 .84
19 389.79 297.:47

PAILURE SURFACE # 3 SPECIFIED

SAFETY FACTCR =

1.:234

X~CENTER = 328.44
Y-CENTER = 343.51

RADIUS = 72.05

POINT X-SURF
NO.

31z2.
317.
322.
327.
332.
337.
342.47
347.3%
8 352.17
19 356.83
11 361.48
12 365.94
13 370.24
14 374.28
15 378.32
16 382.06
17 385.53
18 3ge.87
19 391.357

[T IR VNS RTINS N
U O o e

@ G W N
w oo

Y-SURF

267.08
266.22
265.69
265.47
265,57
265.99
266,73
267.78
263.16
276.83
272.80
275.06
277.60
280.41
283.48
286 .80
290.35
2%4.12
297 .65

ALPHA
(DEG)

-6.57
-3.12
.36

10.76
14.23
17.69
21.18
24.63
28.10
31.56
35.03
38.50
41.9¢6
45.43
48.90
$2.37

BY 19 COOQRDINATE POINTS

ALPHA
(DEG)

-9.83
-6.16
-2.49
1.18
4.85
8.52
12.18
15.86
19.53
33.21
25 .88
30.55
34.22
37.89
41.56
45.23
43.90
52.57

FAILURR SURFACE # 4 SPECIFIED BY 13 COORDINATE FPOINTS

SAFETY FACTCR = 1.134
X~CENTER = 328.72
Y-CENTER = 341.27
RADIUS = 75.91



POINT X-SURF Y- QURF ALPHA
NO. (DEG)
1 312.565 267.08 -10.32
2 317.57 266.18 -6.56
3 322.54 265 .61 -2.79
4 327.532 265.37 .99
5 332.53 265.45 4.76
6 337.52 265.87 8.54
7 343.46 266 .61 12.31
8 347.34 267.68 16.09
9 352.13 269.06 19.86
10 355.85 270.76 23.64
11 361.43 272.76 27.41
12 365.87 275.07 31.18
13 370.15 277.85 34.96
14 3174.25 280.52 38.73
15 378.15 283.65 42.51
16 3gL.e3 287.03 4%6.28
17 38%.29 280.64 50.06
18 368.50 294.47 53.83
19 390.7¢6 297.57
FAILURE SURFACE # 5 SPECIFIED BY 18
SAFETY FACTOR = 1.126
X-CENTER = 319.99
Y-CENTER = 359.16
RADIUS = 92.38
POINT X-SURF Y-SURF ALPHA
NO. (DEG)
1 312.65 267.08 -3.00
2 317.65 266.81 .10
3 322 .65 265.82 3,20
4 327.64 267.10 6.30
s 332,61 267.65 9.40
6 337.54 268.47 12.50
7 342.42 269.55 15.61
8 347 .24 270.90 18.71
9 351.97 272.50 21.81
10 356.62 274.36 24.91
11 361.15 276.46 28.01
1z 365.57 278.81 31.11
13 369.85 281.39 34.21
14 373.98 284.21 37.32
15 377.96 287.24 40.42
16 3BL.76 290.48 43.52
17 385.39 293.92 46.62
18 388.63 287.35
FAILURE SURFACE # € SPECIFIED BY 18
SAFETY FACTOR = 1.140
X~CENTBR = 324.68
'Y-CENTER = 338.50
RADIUS = 72.85
POINT X-SURF Y-SURF ALPHA
NO. {DEG)
1 219.20 267.00 -5.48
2 315.14 266.18 -5.56
3 220.11 265.69 -1.63
4 325.11 265.55 2.30

COORDINATE POINTS

COORDINATE POINTS



v oW

10
11
12
13
14
15
1s
17
18

FAILURE SURFACE 3 7 SPECIFIED

SAFETY FACTCR

X-CENTER
Y-CENTER
RADIUS =

POINT
NO.

- WY ST SRS

w

10
11
12
13
14
is
16
i7
18
19

FPAILURE SURFACE # 8 SPECIFIED

330.11 265.78%
335.08 266.25
340.00 267.17
344.85 268.35
345.60 259.94
354,24 271.80

338.74 273.88
352.08 276.47
357.24 279.25
371.20 282,30

274.94 285.62
375.44 28%.13
281.63 292.88
384.65 296.85

= 1.140
= 329.7%
= 337.06€

71.46

¥~8URF Y-8URF
313.47 267.48
318.37 266.52
323.34 265.89
328.33 265.62
333.33 265,69
338.31 265.12
343.25 266.89
Z48.12 268.01
352,91 269.46
357,58 A7L.25%
352.11 273.3S
366.49 275,77
370.68 278.49
3174.68 281.50
37e.46 284.77
381.99 288.31
385.27 292.08
388.28 296.07
389.15 297.41

SAFETY FACTOR = 1.141
X-CENTER = 331.63
Y-CENTER = 341.67
RADIVS = 77.46
POINT X-SURF ¥ -8SURF
NO.
1 311.02 267.00
2 315.88 265.83
3 320.81 264.57
4 325.78 264.43
s 330.77 264.21
[ 335.77 264 .32
7 340.75 264.75
8 345.7¢ 265.48
9 3E0.58 266 .56
10 355.39 267.34
1 260.09 269.53

37

4%,
45.
49,
53.

.23
0.
14.
28.
2.
25.
29.
33.
.65

16
[2:]

<
94
817
78
72

58
51
43
36

13

ALPHA
(DEG)

11,

-7,
.15
.86
.87
.88
i2.
16.
20.
24,
23.
32.
36.
40.
.97

-3

44

48.
52.
57.

17
is6

89
90
91
92
93
94
95
96

98

59
oo

21

BLPHA
{DEG)

-13.

~3.
.19
.49
.21
.91
.62
12.
.01
19.
.41

-8
-2

16

22

58
89

31

71

COORDINATE POINTS

COORDINATE POINTS



12
13
14
15
16
i7
18
19
20
21

364 .68 271 .61
365.13 2731.89

373.43 276.45
377.55 279.28
381 .48 282.38

385.20 285.72
288,70 289.29
39%.9€ 293.08
394 .97 297.07
385.61 298.03

27.11
30.81
34.51
38.21
41.81
45.50
49.30
53.00
56.70

FAILURE SURFACE # 5 SPECIFIED BY 1B

SAFSTY FACTOR = 1.141
X-CENTER = 328.45
Y-CENTER = 323.85
RADIUS = 64.04
POINT *-SURF ¥-SURF
NO.
1 311.84 267.00
2 316.71 265.89
3 321.66 265.17
4 326.65 264.83
5 231.65 264.89
6 336.63 265.33
7 341.56 266.17
8 346.41 267.38
[ 351.18 268.97
16 355,75 270.562
11 360.19 273,23
12 364.43 275.87
13 3168.45 278.64
14 172.23 282.12
15 3175.75 285.67
16 378.97 289.5¢
17 381.89 293.56
18 383,90 296.88

ALPHA
{DEG)

-12.80
-8,32
-3.858

.63

14.05
18.53
23.00
27.47
31.95
36.42
40.5%0
45.37
49.85
54 .32
58.79

FAILURE SURFACE #10 SPECIFIED BY 21

SAFETY FACTOR = 1.142

X-CENTER = 328.40
Y-CENTER = 354.55

RADIUS =

POINT
XO.

[
N OW®Dd NN S W N

(R T
Ul ke L

89.10

X-8SURF Y-SURF

311.84 267.00
316.77 266.22
321.75 265.70
326.74 265.46

332.74 265.51
336.73 265.84
341.69 266 .44
346 .62 267.33

351.48 268.49
356.27 269.92
360.97 271.81
365.87 273.57

17C.06 275.78
374.41 278.24
378.62 280.94
382.867 283.87

ALPHA
(DEG)

-9.11
~-5.89
~2.68
.54
3.75
6.97
10.18
13.40
16.62
19.83
23.05
26.28
29.48
32.69
35.91
3%.12

COORDINATE POINTS

COORDINATE POINTS
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Appendix C

Interface Stability Calculations
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Appendix D

Settlement Calculations



JOB NUMBER: 1090175

' Congtant Maximum Past Pressure: 0 pst
Length({X) : 200 ft X-Coord = .000 £+ Load: 0 psft
Width (Y): .000 ft Y-Coord = .000 It Water Depth 7 ft
l Load Depth 0 ft Raplacement Fill Depth 0 ft
l Load ‘ Adjacent Load , Length (X) Width (Y) { Depth ! Cooxdinate
No (p=f) (£t) (£t) (Et) X{ft) | v(fw)
1 108D 710.0 1500.0 .0 .0 .0
' 2 Ser 665.0 1500.0 .0 .0 L0
3 960 525.0 1500.0 .0 .0 Q
4 600 590.0C 1500.0 .0 .0 3
l 5 600 550.0 1560.0 .0 .0 0
6 300 525.0 1500.0 .0 .0 .0
7 420 460.0 1500.0 .0 .0 .0
8 480 320.0 1500.0 .0 .0 -0
' g 480 16G.0 1500.0 .0 .0 .0
S01L SQOIL LAYER SO1L COMP RECOMP bFTTLEMmNT
l LAYER TYPE THICK::DEPTH DENSITY RATIC RATIO VIRGIN RECOMP
(FT) (PSF) : {II) (.LN)
1 4 4 120.0 1500 .1500 10.823 000
l 2 2 & 110.0 2000 .2000 5.001 000
3 2 8 110.0 2500 .2500 5.5453 0Jexe)
4 2 10 1106.0 3000 .3000 6.300 000
5 2 12 110.0 3500 .3500 7.035 000
& i i3 110.0 3000 .3000 2.923 0Co
7 8 21 11¢.0 1000 .1000 7.175 060
8 7 28 110.0 0300 .0340¢ 1.666 000
' 9 ) 34 110.0 0500 0500 2.170 000
10 4 38 110.0 0050 0050 136 0COo
11 4 42 110.0 0200 0200 517 0Co
12 3 45 11.0.0 0800 0800 1.491 QGO
' 13 2 47 11C.0 0100 G100 121 .003
14 8 55 110.0 0400 0400 1.837 .0060
15 10 4635 110.0 0500 0900 4.734 0Co
l 16 10 75 11C.0 0400 0400 1.924 000
17 6 81 110.0 0010 0010 027 aco
18 4 85 110.0 0300 0300 519 gQao
l 15 465 550 110.0 .0150 0150 - 11.073 . 000
TOTAL SETTLEMENT:: 1.022 inc hes
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JOE NUMBER: 109C175

Constant Maximum Past Pressure: 0 pst

Length(X) : .000 ft X-Coord = 000 £t Load: 0 psft
Width (¥): .000 ft Y-Coord = .000 ft Water Depth: 7 ft
Load Depth & ft Replacement Fill Depth O It

l Load ; Adjacent Load | Length(X) | Width(Y) Depth | Coordinate

No (paf) {ft) ' (ft) (£t) | X(ft) | v (fx)
1 1080 710.0 1500.0 .0 .0 )
2 950 665.0 1500.0 .0 ) .0
3 950 625.0 1500.0 ) .0 .0
4 600 590.0 1500.0 .0 .0 i)
5 €00 550.0 1500.0 ) ) .0
6 300 525.0 1500.0 .0 .0 .0
7 500 515.0 1500.0 .0 .0 .0
8 960 485.0 1500.0 .0 ) D
9 540 460.0 1500.0 .0 .0 .0

10 £20 365.0 1500.0 .0 .0 .0

11 480 215.0 1500.0 .0 ) )

l 12 420 80.0 1500.0 .0 .0 .0

SOIL S0IL LAYER SOIL COMP RECOMP SETTLEMINT
LAYER | TYPE | THICK|DEPTH| DENSITY | RATIO RATIO VIRGIN RECOMP
l (FT) (PSF) (IN) (1)

1 4 4 120.0 1500 L1500 11.83 .00

2 2 6 110.0 2000 .2000 5.645 .00D

3 2 8 110.0 2500 .2500 6.332 000

4 2 10 110.0 3000 .3000 7.226 .0CO

5 2 12 110.0 3500 .3500 £.102 .000

6 1 13 110.0 3000 .3000 3,376 .0C0o

7 8 21 110.0 1000 L1000 8.349 .000

8 7 28 110.0 0300 .0300 1.960 .0CD

9 5 34 110.0 0500 .0500 2.573 .000

10 4 38 110.0 0050 L0050 162 .000

11 4 42 110.0 .0200 .0200 .619 .000

12 3 45 110.0 0800 .0800 1.790 .0C0o

2 47 110.0 .0100 .0100 .145 .000

8 55 110.0 0400 0400 2.218 .000

15 10 65 110.0 0900 0900 5.752 .000

16 10 75 110.0 0400 0400 2.354 .000

17 5 81 110.0 .0010 .0010 .033 .020

18 . 4 385 110.0 .0300 .0300 .640 . 000

19 465 550 110.0 L0150 .Q150 14.202 .000

TOTAIL SETTLEMENT= 83.315 inches



' Lell {,0 lm‘ Veaswra o WO A QO
l fOR NUMBER: 109C175
l longtant Maximum Past Pressure: 0 psf
sength(X) : .000 £t X-Coord = .000 £t Load: 0 psf
vidth (Y): .000 ft Y-Coord = .000 ftr Water Depth 7 £
l -0ad Depth 0 ft Replacement Fill Depth 0 ft
Load | Adjacent Load Length (X) Width (¥) Depth Cocordinate
l J0. (psf) ; (ft) ! (£FE) (fr) | X(ft) | Y(ft)
1 1030 710.0 1500.0 .0 .0 0
' 2 880 665.0 1500.0 .0 .0 .0
3 960 625.0 1500.0 .0 L0 .0
4 600 590.0 1500.0 .0 .0 .0
5 600 550.0 1500.0 N .0 .0
l & 3200 525.0 1500.0 .0 .0 LD
7 900 515.0 1500.0 . D .0 .0
8 960 485.0 1500.0 .0 .0 .0
' S 540 460.0 1500.0 .0 .0 .0
10 420 410.0 150G.0 .0 .0 .0
11 480 330.0 1500.0 .0 .0 .0
12 480 250.,0 1500.0 .0 .0 .0
' 13 480 180.0 1500.0 .0 .0 .0
14 480 100.0 1500.0 O .0 .0
15 360 . 30.0 1500.0 .0 .0 .0
' SOIL SOIL | "LAYER SOIL COMP RECOMP SETTLEMENT
LAYER TYPE l THICKt_DEPTH DENSITY RATIO RATIO VIRGIN RECOMP
' ; (FT) (PSF) (IN) (IN)
1 4 4 120.0 .1500 L1500 ©12.308 .000 _
2 2 6 110.0 2000 2000 5.947 .000 . -
l 3 2 8 110.0 2500 2500 6.700 .000
4 2 10 110.0 3000 3000 7.659 .000
5 2 12 110.0 3500 3500 8.599 00a
6 1 13 116.0 3000 .3000 3.586 .000
. 7 8 21 110.0 1000 .10060 8.885 .00C
8 7 28 110.¢ 0300 .0300 2.091 .000
2 6 34 110.0 05Q0 0500 2.751 .D00
' 10 4 38 110.0 0050 0050 173 000
11 4 42 110.0 . 0200 0200 663 000
12 3 45 110.0 0800 0B0O 1.920 000
13 2 47 110.0 0100 031.00 156 000
' 14 8 55 110.0 0400 . 0400 2.383 000
15 10 65 110.0 0900 . 03800 6.192 000
- 16 10 75 110.0 0400 0400 <.537 300
I 17 6 81 110.0 0010 0010 036 a0
18 4 85 110.0 0200 0300 6581 009
19 465 550 . 110.0 0150 0150 15.311 000
I TOTAL SETTLEMENT= 88.592 inches
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JOB NUMBER: 1080175

Constant Maximum Past Pressure: 0 psi
Length(X) : .000 £fr X-Coord = .000 ft£ Load: 0 psk
width (Y): .000 £t Y-Coord = .000 ft Water Depth: 7 ft
Load Depth 0 ft Replacement Fill Depth 0 ft
Load | Adjacent Load | Length(X) wigdth(Y) Depth | Coordinate
No. | (psf) (ft) (ft) , (ft) { X(Er) | Y(ftr)
1 260 885.0 600.0 .0 .0 .0
2 960 945.0 600.0 .0 .0 .0
3 960 505.0 600.0 .0 .0 .0
4 380 880.0 600.0 .0 .0 .0
5 1080 825.0 600.0 .0 .0 . 0
& 480 720.0 600.0 .0 -0 .0
7 480 560.0 600.0 .0 .0 .0
8 480 400.0 600.0 .0 .0 .0
S 480 240.0 8600.0 .0 .0 .0
10 480 80.0 600.0 .0 .0 .0
SOIL SOIL | LAYER SOIL COMP RECOMP SETTLEMENT
LAYER | TYPE 1 THICK|DEPTH| DENSITY | RATIO RATIO VIRGIN | RECOMP
(F'T) (PSF) (IN) | (IN)
1 4 4 120.0 1500 .1500 11.225% .000
2 2 6 110.0 2000 L2000 5.256 .000
3 2 8 110.0 2500 .2500 5.858 .0480
4 2 10 110.0 3000 .3000 6.664 000
5 2 12 110.0 3500 L3500 7.454 .0090
6 1 13 110.0 3000 .3000 3.100 000
7 8 21 110.0 1000 L1000 7.631 L0030
8 7 28 110.90 0300 .0300 1.778 .000
9 1) 34 110.0 0500 .0500 2.322 0oo
10 4 38 116.0 0050 .0050 145 (0R030]
11 4 42 110.0 0200 0200 554 000
12 3 45 110.0 0800 0800 1.599 0CQ
13 2 47 110.0 0100 .0100 130 ooo
14 8 55 110.0 0400 .0400 1.8971 0G0
15 10 65 1106.0 0500 .090¢0 5.084 .000
16 20 75 -~ 110.0 0400 . 0400 2.068 .000
17 6 81 110.¢0 001a L0021 029 0020
18 4 85 110.90 .0300 .D300 55 000
19 465 550 110.0 .0150 .0150 11.502 .00

TOTAL SETTLEMENT= 74.929 inches
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JOB NUMBER: 1090175

I Constant Maximum Past Pressure: 0 psf

Length (X} : .000 ft X-Coord = .000 £t  Load: O pef
Width (¥): .000 £t  ¥Y-Coord = .000 ft Water Depth: 7 fr
Load Depth 0 ft Replacement Fill Depth 0 ft
Load | Adjacent Load Length (X) Width(Y) | Depth ! Coordinate
' No. (psf) | (Ft) (Fr) | (ft) X(ft) | Y(ft)
1 S50 985.90 600.0 .0 0 L0
l 2 960 945,90 6£00.0 .0 0 .0
3 960 905.0 600.0 .0 0 )
4 360 88G.0 600.0 .0 0 .0
5 1080 825.0 600.0 .0 0 .0
l 6 $60 790.0 600.0 .0 0 .0
7 560 760.0 600.0 L0 0 .0
8 480 740 .0 600.0 .0 0 .0
9 480 640.0 600.0 .0 0 .0
l 10 480 480.0 600.0 .Q G .0
11 480 320.0 600.0 ) 0 .0
12 480 160.0 600.0 .0 0 .0
l 13 240 40.0 600.0 .0 0 L0
SOIL SOIL LAYER SOIL COMP RECOMP SETTLEMENT
LAYER TYPE THICK}DEPTH DENSITY RATIO RATIO VIRGIN { RECOMP
I (FT) (PSF) (M) (IN)
1 4 4 120.0 1500 L1500 12.071. . 000
' 2 2 & 1:10.0 2000 L2000 5.79% . 000
3 2 8 110.0 .2500 L2500 6.51¢ .000
4 2 10 110.0 L3000 .3000 7. 442 . 000
5 2 12 110.0 3500 .3500 8.351 .000
I 6 1 13 110.0 3000 .3000 3.481 .000
7 8 21 110.0 1000 .1000 8.620 .000
8 7 28 110.0 0300 .0300 2.027 L0009
l 9 6 34 110.0 0500 L0500 2.666 .Q0%
10 4 38 110.0 0050 . 0050 168 .0C3s
11 4 42 116.0 L0200 .0200 .643 .00
12 3 45 110.0 0800 0800 1.860 .000
l 13 2 477 110.0 .0100 .0100 . 151 .000
14 8 55 110.0 .0400 . 0400 2.309 .000
15 10 65 110.0 .0900 .0800 5.002 .C00D
l 16 10 75 110.0 0400 0400 2.461 .000
17 ) R1i 110.0 .0010 .0010 . 035 L0090
i8 4 85 110.0 L0300 .0300 A7 .0C0O
l 19 465 550 110.0 .0150 .0150 14.594 .000
TOTAL SETTLEMENT= 85.863 inches
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' JOB NUMBER: 1050175
l Constant Maximum Past Pregsure: 0 pst
Length(X) : .000 £t X-Coord = .000 ft Load: 0 psf
Width (Y): .000 £t Y-Coorxrd = .000 £t Water Depth: 7 ft
l Load Depth 0 ft Replacement Fill Depth 0 ft
Load | Adjacent Load | Length(X) Width(Y) ‘ Depth Coordinate
l No. (psf) (ft) (£t) (ft) X(fr) | Y(ft)
1 960 985.0 600.0 .0 s, 0
' 2 960 945.0 600.0 .0 .0 0
3 960 905.0 600.0 .0 .0 G
4 360 880.0 600.0 .0 .0 0
S 1080 825.0 600.0 .0 .0 0
' 6 960 790.0 600.0 .0 .0 0
7 8960 76C.0 600 .0 .0 .0 0
8 480 740.0 65600.0 .0 .0 0
l 9 480 640.0 £00.0 .0 .0 0
10 480 610.0 600.0 .0 .0 0
11 480 520.0 600.0 .0 .0 0
12 480 455.0 600.0 .0 .0 0
' 13 480 360.0 600G.0 -0 .0 0
14 480 280.0 600.0 .0 .0 0
15 480 220.0 600.0 .0 .0 0
16 480 145.0 600.0 .0 .0 Q
17 480 50.0 600.0 .0 .0 0
SOIL SOIL LAYER SOIL COMP RECOMP SETTLEVMENT
l LAYER TYPE THICK[DEPTH DENSITY RATIO RATIO VIRGIN RECOMPD
(FT) (PSF) (IN) {(IN)
1 4 4 120.0 1500 .1500 12.736 .Q00
I 2 2 & 110.0 2000 .2000 6.223 .000
3 2 8 110.0 2500 2500 7.041 .00
4 2 10 110.0 3000 32000 8.066 000
l 5 2 12 110.0 3500 .3500 5.072 000
6 1 13 110.0 3000 .3000 3.788 000
7 8 21 110.0 10060 .1000 9.423 . 000
8 7 28 110.0 0300 0300 2.230 .000
' 9 6 34 110.0 050¢C N500 2.948 .000
10 4 38 ' 110.0 0050 0050 186 0c0
11 4 42 110.0 0200 0200 714 DO
' 12 3 45 116.0 0800 0800 2.070 000
13 2 47 110:0 0100 0100 i69 Q00
14 8 55 110.0 0400 0400 2.579 000
15 10 65 110.0 0800 .0800 65.727 020
l 16 10 75 110.0 0400 .0400 2.768 80
17 1) 81 110.0 G010 0010 039 gco
18 4 85 110.0 0300 0300 757 3530]
' 19 465 550 110.0 L0150 0150 16.648 L0090
TOTAL SETTLEMENT= 94.183 incheg



EXHIBIT C

ENGINEERING
CALCULATIONS

HYDROLOGY, HYDRAULICS
AND EROSION CONTROL

LEACHATE WITHDRAWAL PIPES



"u“sﬂ\ CLIENT:
ALLER
% PROJECTNO .  84.

TN GINEEGRS§

1.

Clean Harbors - Grassy Mountain Facility

PROJECT: RCRA Call 68 and 7 Closures
FEATURE: Closure Hydrology. Hydraulics, & Erosion Control

82 100

SHEET 1 OF 18

COMPUTED: KCS
CHECKED: MEA
DATE. March 2010

Determine hydrology in estimating runoff discharge, perimeter ditch capacity and depth, down spout
design, and erosion control design for Cells 6B and 7 Closures assuming a maximum perimeter berm
height above the cell embankments of 28 feet on Cell 68 and 29 feet on Cell 7, respectively.

Hydrology using the SCS Curve Number Methodology

a. Landfili Cell 6B closure cap consists of individual drainage areas contributing runoff to the
perimeter ditches of approximately 79,000 square feet (1.814 acres) and a total drainage
area contributing runoff to a downspout of approximately 158,000 square feet (3.627 acres).
The following is a sketch of the Ceil 6B closure drainage areas.

b. Landfill Cell 7 closure cap consists of individual drainage areas contributing runoff to the
perimeter ditches of approximately 69,000 square feet (1.584 acres) and a total drainage
area contributing runoff to a downspout of approximately 138,000 square feet (3. 168 acres).
The foliowing is a sketch of the Cell 7 closure drainage areas.
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CLIENT. Clean Harbors - Grassy Mountain Facility SHEET 2 OF 186

PROJECT: RCRA Cell 68 and 7 Closures COMPUTED KCS
FEATURE: Closuia Hyatology, Hydraulics, & Erasion Cortrol CHECKED MEA
PROJECT NO.: 84 82100 ) DATE: March 2010
L |
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Use 79,000 square feet (1.814 acres) of drainage area for design of the perimeter drainage
ditches and 158,000 sguare feet (3.627 acres) of drainage area for design of the downspout
piping. Results will be applied to both landfill cell closure caps.

Design for the 100-year 24-hour precipitation event. The precipitation from the 100-year 24-
hour precipitation event was obtained from Point Precipitation Freguency Estimates from
NOAA Atlas 14, The following pages show facility latitude/tongitude conversions, facility
location, and precipitation depths.
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CLIENT: Clean Harbors - Grassy Mountain Facility SHEET 3 OF 1§
PROJECT: RCRA Celi 6B and 7 Ciosures COMPUTED: KCS
FEATURE: Closure Hydrology, Hydraulics, & Erosion Control CHECKED: MEA
PROJECT NO.. 64 82 100 DATE: March 2010
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Drainage basin slope is 10% which is the top slope for both landfill cell closure caps.
Basin flow length is approximately 230 feet.

Ditch flow length is approximately 345 feet.

Ditch siope is 1.0% {or 0.01).for both landfill closures.

Curve Number (CN) for the gravel armor to be placed on the cap surface for erosion
protection is CN=83. This is based on a conservative assumption that the gravel cover to be
a Hydrologic Scil Group B instead of A. According to Technical Release 55 (TR-55) from the
U.S. Soil Conservation Service, a gravel road with Hydrologic Soil Group B has a curve
number of 85, however, the gravel road is highly compacted and contains a significant
amount of fine soil particles to bind the gravel materials and provide strength to the road
surface. The gravel armor is placed with few fines and is not compacted. A gravel road with
Hydrologic Soil Group A has a curve number of 76. The assumption of CN=83 shouid,
therefore, be conservative.

Using HYDRO, a computer based hydrologic program used for estimating peak discharge
rates using the SCS curve number methodology, the estimated peak discharge for the
perimeter ditches is 1.16 cfs. The peak discharge for the downspout piping is twice that for
the ditch since two drainage areas since the downspouts receive runoff from, two
symmaetrical drainage areas, each contributing runoff to the downspouts from opposite
directions. Peak downspout discharge rate is 2.32 ¢fs.
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3 Perimeter dralnage ditch design.
a. Design the dilches for a flow of 1.16 cfs.
b The ditches consist of the v-type ditch design with a 10% sideslope on one side and a 3H: 1V

stope on the other side.

Bottom slope of the ditch is 1% (0.01 fU/ft) and the ditches have a gravel armor lining.

Assume the channel roughness to be 0.035 for gravel

e. The attached printout shows that the channel will have a flow depth of approximately 0 4 foot
and a flow velocity of 1.16 feet per second. There is a safety factor of about 1.5 against
srosion of the grave! armor material in the ditch.

a0

4 Downspout Design
__Irapexoidal Channel Flow Celeulations
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Design the downspouts for a flow of 2.32 cfs (i.e. 2 x 1.16 cfs}).

Using Hydraulic Design Nomographs from the Federal Highway Administration and the
computer program by the Federal Highway Administration “"Hydro Charts and Equations” an
18-Inch diameter corrugated polyethylene pipe was selected for the downspouts. Headwater
depth requirement is 0.8 foot. Smaller diameter pipe is adequate to convey the design
flowrate, however, the 18-inch diameter pipe is recommended for clean-out purposes and

oo
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as a safety factor against plugging. Computer printout sheetls are attached for the downspout
design and headwater requirements.
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5.

s

Erosion Protection

a. Purpase and Procedure.

The purpose of these calculations is to determine which erosion protection measure to use and how
to apply it. The closure cap will consist of 10% slope on the upper cap surface and a 2H 1V slope
around the perimeter of the closure cap. Drainage ditches will be provided on top of the cell
embankments to collect runoff from the closure cap perimeter siopes. Therefore, there will be no
impact on the gravel armor placed on the cell embankments resulting from closure cap runoff. The
figura below shows a cross-section of the closure cap siopes, the slope heights, and the slope

lengths.

The procedure used to determine the erosion protection requirements for the top 10% slope and for
the 2H:1V perimeter slopes of the closure cap is taken from the publication "Erosion and
Sedimentation in Utah - A Guide for Control", Utah Water Research Laboratory, February 1884, This
‘publication is specific to Utah. The degree of erosion protection required is based on the steepness
and length of the slopes. Erosion protection measures will be determined for the iongest slope length
and the erosion control measures determined for the longest slope will be conservatively applied to

all siopes.
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b. The procedure from the above publication uses the Universal Soil Loss Equation (in modified
form to represent Utah's climatic and topographic conditions) to estimate the soll erosion
potential of the surface soils assuming no application of erosion control measures. Erasion
control measures to be implemented are based on the soil erosion potential caiculated.

The universal soif loss equation used to calculate soil erosion potential is:
A=R-K-LS

where, A = Computed amount of soil loss per unit area for the
time interval represented by factor R, generally in
tons per acre per year.

R = Rainfall {precipitation) factor.

K = Soil erodibility factor in tons per acre per year per unit
of R.

LS = Topographic factor (length and steepness of slope).

Calculated erosian after applying erosion control measures is determined by applying and erosion
control factor (VM) to the universal soil loss equation. The erosion control factor is dependant upon
the type and extent to which the erosion control measure is used {ie. vegetative - type and density,
mulches - type and thickness, chemical - type and application amount, mechanical - compactive
effort, smoothness of surface, ete.)..

i The rainfall (precipitation) factor (R} is obtained from mean annual iso-erodent (R)
value maps. The R-value for the facility as obtained from the Tooele area map is:

R=6.0

Since R = 6.0 is based on an annual recurrence interval, a correction factor is obtained from
the fig_ure balow for the 100-yr recurrence interval
For the 100-yr recurrence interval:

R=6.0"251)=15.06

i, Soil erodibility factor (K) is determined using figure 2 from the above referenced
report. The gradation of the materials is based on information from the AGEC soils
report.

The worst case condition is represented by the soils whose gradation is on the fine side of
the soii gradation envelope. Parameters obtained from the gradation envelope and
parameters assumed. for use with the nomographs to determine K are:

84 % silt and very fine sand, and
16%  sand were obtained from the gradation envelope.

0% organic material and a very slow permeability were assumed
parameters,
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Applying the above parameters {o the nomographs from Figure 2 gives a soil erodibility factor
(K} equal to 0.72.
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{ii. The topographic factor (LS) is determined assuming single siopes. The closure
section shows the configuration of typical slope segments that need to be accounted
for in the calcuiations which includes a 10% top slope and a ZH: 1V perimeter siop
for the closure caps. The LS factor is determined by the following equation:

m

s? 10,000 1/_317 + 10,000 726

where; LS = topographic factor for slope segment n,
! length of slope segment n.
]
]

= slope gradient of segment n in percent.
= slope length
m = slope gradient factor, which is

0.2 for gradients of 0 to 2 percent

0.3 for gradients of 1 to 3 percent

0.4 for gradients of 3.5 to 4.5 percent
0.5 for gradients greater than 5 percent

The fcliowing table provides LS factor values for the 2H:1V and 10% slopes.

SLOPE LENGTHS {ft) AND LS FACTOR
VALUES :

Slope Length I LS Factor
2H:1V (50%) Slope
65.00 [ 14.3695
10H:1V (10%)
361.00 | 2.6009

v, Potential Erosion Rates without erosion protection where R = 15.06, K= 0.72 and
LS as tabuiated above are presented in the table below:

Slope Length (ft) LS A (tons/aclyr)
2H:1V (50%) Slape
6500 | 143695 | 15581
10H:1V (10%)
36100 | 26009 | 2820
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V. Required Stone Muich Thickness

The amount of stone muich required to limit soil loss to one ton per acre per year is
determined from figure 6 of the above referenced report as shown on the following page.
This figure shows the amount of stone mulch required to reduce the erosion potential from
as much as 130 tons per acre per year to one ton per acre per year in the original report.
The curve was extrapolated to show the required amount of stone muich required for the
potential erosion rates calculated above. Dr. Joel E. Flefcher, one of the researchers and
authors of the publication from which this procedure was taken, was contacted regarding the
extrapoiation of the curve. According to Dr. Fletcher, test resuits were obtained beyond the
limits of the curve presented in the publicetions to verify the accuracy of the curves and
extrapotation would stifl be accurate. The curve in figure 8, and extrapolation of the curve,
is represanted by the following equation:

Stone Mulch (tons/ac) = 3.75({Erosion Potential) + 13.1
The stone muich requirement for the 2H1Y {50%) Slope is:

Stone Mulch (tons/ac) = 3.75.(155.81) + 13.1 = Approximately 600 tons per acre of
stone mulch. The required thickness of stone muich is:

= (Required tons/acre of stone mulch x 2000 Ibs/ton x 12 inffty
(43560 ft/acre x stone mulch density Ibs/ft’)

Assuming a stone mulch density of 110 Ibs/ft*
t = 600(2000)(12)/(43560)(110) = 3.0 in.
The stone mulch requirement for the 10H:1V (10%) Slope is:

Stone Mulch (tonsfac) = 3.75 (28.2) + 13.1 = Approximately 120 tons per acre of
stone mulch. The required thickness of stone mulch is:

t = (Required tons/acre of stone mulch x 2000 Ibs/ton x 12 in/ft)/
(43560 ft*/acre x stone mulch density ibs/ft%)

Assuming a stone muich density of 110 Ibsift>

t = 120(2000)(12)/(43560%110) = 0.6 in.
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Vi, Required D.,, Size for Stone Mulch

Stephens method from NUREG/CR-4651 was used to determine the D size fo the gravel
armor.

 g(tan8)°n,"”
cg"?[(1- n, (G, - I)cosf(tan ¢ - tan6)]*"

Dy, =

Where: flow per unit width in cfs/ft

angle of slope in degrees

porosity of the rock

Gravitational acceleration in fts?

Specific gravity of the rock

angie of repose of rock in degrees

factor that varies from 0.22 for gravel and pebbles to 0.27 for

crushed granite.

3 DL
°

»

0e no

flow per unit width in cfs/ft

26.585° for 2H:1V slopes

5.711° for 10 percent slopes

32 percent or 0.32 for gravel

32.2 fus?

265 _

37° degrees for 1-inch rounded rock
0.22 to be conservative

Use:

[snlie]

w

pur
-

(RIS {1}

06 G

The above equation solves for a D50 for which rock movement is expected to begin at a
given value forq. NUREG/CR-4651 recommends multiplying the ¢ value by Oliver's constant
of 1.2 for gravel and 1.8 for crushed rock to provide a safety factor against rock movement.
A value of 1.35 is used for the gravel to be conservative.

As presented in the hydrology section, the flow for a 1.814 acre area is 1.16 cfs giving a flow
rate for 1 acre of 0.64 cfs. A one acre area using the maximum 10% slope length is about
361 feet x 120 feet. Therefore, the fiow per unit with on the 10% slopes is 0.01 cfs/ft. Aone
acre area using the maximum 2H:1V slope length is about 66 feet x 870 feet. Therefore, the
flow per unit with on the 2H:1V siopes is 0.002 cfs#ft. Assuming concentration factors (F.)
and multiplying by Oliver's constant (F.) of 1.35 by the flow rates calculated for each of the
slope areas provides a modified flow (g,0) for which the grave! D,, requirements are
calculated in the following table.

TABLE
Gravel D, Caicutation
q | Quoo O My g 3 D Ds
M Fe. _Eoo cfslft deq % ftlsec’ G, deq C ft In
0.01 20 135 027 5711 032 322 265 37 022 00752 090

3 130 0008 28585 032 322 265 37 022 00818 0098
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Concentration factors are not a component of the NUREG/CR-4651 procedure, but are
provided to show the types of flow concentration that may occur, beyond the safety
factors already provided in the procedure, and siill maintain erosion stability. The local
gravel source that has historically been used for gravel armor (stone muich) has a Dy,
size of approximately 1 inch. Using this D, size provides aflowable concentration factors
of 20 and 3 on the 10% slopes and the 2H: 1V slopes, respectively. The D, sizes of 0.90
inch:for the 10% slopes and 0:98 inch for the 2H:1V slopes should be adequate in
providing stability against erosion of the stone muich based on the above evaluations and
based on visual observations of the existing slopes where the stone mulch has been
sffectively used for erosion protective cover.

vii. Grave! Thickness and Minimum D,; Recommendations

Historically the cell embankments and closure caps have received a 4-inch thickness of
gravel armor with a D,, of about 0.9 inch and there are no cbserved areas of erosion
occurring. This thickness mainly results from the difficulty in placing less than 4 inches of
gravel armor and achieving consistent cover over all surfaces.

Recommended design is to provide a target gravel thickness of 4 inches over the entire
closure cap surface with a minimum grave! thickness of 2 inch on the 10% slopes
{typically 2 x D) and a minimum gravel thickness of 3 inches, as calculated, on the

2H: 1V siopes. Minimum D50 diameter of the grave! is 0.9 inch on the 10% slopes and 1
inch on the 2H.1V slopes.

Top of Embankment Ditches

The maximum area contributing runoff to the embankment drainage ditches is 27,685
square feet (0.64 acre). Hydrologic calculations show storm water discharge for the small
drainage areas of the closure caps at the facility to be approximately 0.65 cfs per acre.
Therefore, the discharge for the embankment drainage ditches is 0 cfs at the beginning of
the ditches and increases to 0.42 cfs at the storm water inlets at the low point of the
drainage ditches. Maximum inflow to the inlets is two ditch flows, or 0.84 ¢fs, since two
ditches converge on one inlet.

The embankment ditches wili have a minimum slope of 0.5% and will have a V-ditch
shape with side slopes of about 6% or 16.7H:1V and maximum flow. Based on hydraulic
calculations, the flow depth in the top of embankment ditches is about 0.24 foot. The
gravel armor has a safety factor of over 6 a2gainst erosion within the ditches.
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ENGINEERS

Evaluate the long-term strength of the HDPE pipe against failure or significant loss of cross-sectional
area.

Reference Manuals: "Design & Engineering Guide for Polyethylene Piping", by Rinker Materials,
August 2003.

“Plexco/Spirclite Engineering Manual 2. System Design”, by Chevron
Chemical Co., April 1996.

Design Criteria:
Pipe Diameters = 10 inches - top and bottom pipes.
Maximum Design Height of Overburden = about 58 feet for Cell 7 and about 50 feet for Cell
6B. Use 58 feet to represent a calculation for both cells. The overburden includes 2 feet of
soil and gravel cover material, 0.5 foot of soil cushion, 50.5 feet of waste, 2 feet of primary
soil protective cover, 2 feet of secondary soil protective cover, and 1 foot of sump gravel.

Unit weight of overburden:

Soil cover and gravel =125 pcf
Waste = 90 pcf
A Soil Pressure by components
Pr=Ps+ P

where: P; = Total load pressure
P, = Static or dead load pressure
P_= Live load pressure

Using the Boussinesq’'s Equation from the manual reference above, the live load pressure
can be estimated as follows

W H
LT oon xR
W, = wheel load (Ib)

H = vertical depth of crown
R = distance from the point load application to the crown

Assuming a tire load of 4,000 pound, then the live load on the pipe would be as follows
3(4000)(58)°

21 %(58)’
P_ = 0.57 psf (load is insignificant to the dead load and will be excluded)

L=

Therefore, only the dead load will be used to pipe strength design.
P; = P4 = height of overburden x unit weight of overburden
Py =(25+2'+2'+ 17125 pcf) + (50.5)(90 pcf)
= 5,482 psf = 38.1 psi for the 10" pipe

B. Evaluate Wall Crushing
The compression stress on the pipe walls is given below:
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S = Compressive stress (psi)

P_ = vertical load applied to pipe (psf}
t = wall thickness (in)

D, = outside diameter of pipe (in)

The maximum long-term design stress value for Plexco polyethylene pipe is 800 psi. The
ratio of pipe diameter to wall thickness is given below.

D,  288(800)
t 5482psf
D,

T" = 420

Therefore a SDR of 41 or lower should be strong enough to avoid crushing failure.

C. Evaluate Wall Buckling

Wall buckling resistance of pipe is increased when it is buried. The soil and pipe work
together to resist buckling. AWWA C-950 gives a design equation for buckling of buried
piastic pipe which is applicable to PLEXCO pipe.

Where,

P, =—
¢ SF DR’

1 (2.67~RW-B-EA_ - E

P, = Critical buckling stress (psi)

SF = Safety factor,

R, = Water buoyancy factor, (dimensionless)

B Empirical Coefficient of Elastic Support (dimensionless)
E, = Soil modulus, (See Table C-4)

E = Pipe modulus of elasticity, psi

DR = Dimension ratio

H
R, = 1-(0.33-—")
H

H, = Height of water table above the pipe (ft)
The water should not pond above 1 ft high, so the maximum water height
will be 1 ft
H = Height of soil cover above pipe (ft)
The cover over the sump area is about 58 ft

1
= 1+ 4o -0065H)

e = Natural log base number
H = Height of soil cover above pipe (ft)



HnI\SEn CLIENT: Clean Harbors - Grassy Mountain Facility SHEET 3 OF 4

PROJECT: RCRA Cell 6B and 7 Closures COMPUTED: KCS
nLLE“ FEATURE: Leachate Withdrawal Pipes CHECKED:  MEA

& LUCE PROJECT NO.: 64.82.100 DATE: January 2010
InC

ENGINETERBRS

For the 10" pipe:

oo \/ 2.67-(0.968)-(0.995) - (30,000psi )(1600psi)
o = 5

2 (21)°
P, = 57.7psi
1

=1-033—
R 58
R =099%4

1
= 14 4gt-006558Y

B=0916

The pipe should not buckle since the calculated buckling resistance of 57.7 psi exceeds the
38.1 psi loading on pipe.

D. Evaluate Ring Deflection

Ring deflections are calculated using the following modified Spangler’s equation:
D -K-W

2E
(——3] +0.061E"

AX =
3(DR-1)

OX = Horizontal deflection (in.)

D, = Deflection lag factor, PolyPipe recommends 1.0 (dimensionless)
K = Bedding constant, Polypipe recommends 0.1 (dimensionless)
W = Earthload (Ibs/inch)

E Modulus of elasticity of pipe, 30,000 psi

E Soil modulus

DR = Dimension ratio

For the 10" pipe:

1-0.1-(38.1-10)
AX =
2-30,000
< |+ 00611200
321-1)
AX = 050in

This assumes a soil modulus of 1200 psi which is for fine grained soil compacted to 90%
SPD. The percent deflection is calculated using the following formula:

d AX 100
- D
d = Percent deflection (%)
0X = Horizontal deflection {in.)
D = Outside diameter (in.)

050
=——10
d 10 0

d=50%

Allowable deflection for SDR 21 pipe is 6.0 percent.
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To see if this deflection could cause failure in the pipe the ring bending strain was computed
below. This equation is provided in the Plexco/Spirolite Engineering Manual.

C=0.53t=0.53*0.512=0.27

050 2(027)

-6
€= 59457 9457
£=00181= 181%

0 = wall strain, (%)

f, = deformation shape factor, 4.28 for elliptical deformation, 6.0 for non uniform
deformation

Dy = mean diameter (in), D,-1.06t, 10-1.06(0.512) = 9.457 inches

C = outer fiber to wall centroid (in)

t = pipe minimum wall thickness

The PLEXCO design manual references a study by Jansen that states strains of 8% should
perform well for at teast 50 years. ISCO industries also lists its high density polyethylene pipe
as having an elongation at yield of 8%.



